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Mokuzai Nandemo Shoujitenn: Himitsu Ni Semaru
Shin-chishiki 76 [Blue Backs B-1350] (A Pocket
Encyclopedia of Wood: new discoveries fundamental
to understand its 76 secrets, [Blue Backs B-1350]),
edited by Mokuyukai, Wood Research Institute, Kyoto
University, November 20, 2001, Kodansha, Tokyo (in
Japanese).
The titles and the authors are as follows:
Chapter 1 Wood as biomaterials
1. How trees are originated, Kuroda, H.
2. Grain and structure of wood, Baba, K.
3. Three brothers of wood cell walls, Sugiyama, J.
4. Why woods are so tough?, Sugiyama, J.
5. Wood is tougher than steel, Inoue, M.
6. Production of high strength wood, Yano, H.
7. Wood as an automatic humidity controller, Morooka,
T
8. Wood material difficult to burn out, Hata, T.
9. Wood and health, Norimoto, M.
10. Wood, its warmth and texture, Morooka, T.
11. Fragrance of wood, Umezawa, T.
12. Wood that is less irritating to the human eye,
Morooka, T.
13. Acoustical properties of wood, Yano, H.
Chapter 2 Wood in our environment
14. Carbon cycles, Hayashi, T.
15. Wood utilization saves the global environment, Inoue,
M.
16. Forest resource in the world, Tsunoda, K.
17. Japanese forest and timber, Baba, K.
18. Role of a sugi tree on measure for green house effect,
Inoue, M.
19. Zero-emission, Kuwahara, M.
20. Fast growing species, Kawai, S. and Baba, K.
21. Biomass energy, Kuwahara, M.
22. Possible roles of mycorrhizal fungi in reforestation,
Hattori, T. and Shimada, M.
23. Bioremediation, Kuwahara, M.
24. Biotechnology on forest trees for earth, Hayashi, T.
25. Recycling of wood, Kawai, S.
Chapter 3 Wood in our culture
26. Veiled faces of our daily life wood, Kagemori, N.
27. What is the difference between conventional post &
beam constructions and two by four light framing
structures?, Komatsu, K.
28. Log constructions. Komatsu, K.
29. Invitation to "outdoor-living", Inoue, M.
30. Maintenance system for long-life of wooden house,
Imamura, Y.
31. Using wood as floor, wall and seiling panels, Kawai, S.
32. Wooden residence-nowdays and former times-,
Takino, S.
33. How wooden houses should be built for surviving from
severe earthquakes. Komatsu, K.
34. Large scale engineered timber constructions.
Komatsu, K.
35. Timber bridges coming back. Komatsu, K.
36. Big water reservoirs or tanks made of timbers.
Komatsu, K.
37. High-performance utilization of wood for out-door
uses, Imamura, Y.
38. Nobunaga, a historic military commander, passionate
abou t incense too, Kagemori, N.
39. Wood for musical instruments, Yano, H.
40. Properties of Japanese lacquered film, Norimoto, M.
41. Traditional woodwork, Nomura, T.
42. Wooden toy making, Nomura, T.
Chapter 4 Woods in our history (or Woods are our good-
old friends)
43. Historic sites and wood, Itoh, T.
44. The Silk Road and wood, Itoh, T.
45. Temples or Palace and wood, Itoh, T.
46. TheJohmon-era and wood, Ohyama, M. and Itoh, T.
47. The forest buried by the eruption of old Aso mountain,
Itoh, T.
48. Ancient Egypt and Lebanon cedar, Itoh, T.
49. Conservation of excavated wood, Ohyama, M. and
Itoh, T.
50. Dendrochronology, Ohyama, M. and Itoh, T.
51. Buddha sculpture and wood, I toh, T.
52. Aging of wood, Kawai, S.
Chapter 5 Skills for wood engineering
53. Drying of wood, Morooka, T.
54. A reliable wood product, gluelam, Kawai, S.
55. Effective utilization of wood, Kawai, S.
56. Story of wood bending, Inoue, M.
57. Property enhancement of wood by chemical treatment,
Yano, H.
58. Wood treatment for the long-term use, Tsunoda, K.
59. Paper is a barometer of culture, Watanabe, T.
60. Utilization of wood biomass, Watanabe, T.
61. Plastics made from wood, Morooka, T.
62. Translusent wood flour mouldings without using any
additives, Yano, H.
63. Purification of water and air by wood charcoal,
Imamura, Y.
64. Advanced materials from wood charcoal, Hata, T.
65. Wood vinegar, oriental medicine from wood, Nomura,
T.
66. Production of paper by fungi, Watanabe, T.
67. Potential of Biooil, Hata, T.
68. Wood formation in a test tube, Kuroda, H.
Chapter 6 Saving wood from external attack
69. Protection of houses from termite attacks, Yoshimura,
T.
70. Wood-attacking insects other than termites,
Yoshimura, T.
71. Wood rotting fungi, Honda, Y.
72. Shipworm, Tsunoda, K.
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Chapter 7 Hints for wood works
73. Know-how of wood cutting, Nomura, T.
74. Know-how of knocking the nail, Nomura, T.
75. Know-how of wood bonding, Nomura, T.
76. Know-how for painting wood, Nomura, T.
Konishi, T., T. Nakai, F. Sakai and T.Hayashi:
Formation of callose from sucrose in cotton fiber
microsomal membranes, J. Wood Sci., 46, 1-.,.7 (2001).
Callose was formed from exogenous sucrose by cotton
fiber microsomal membranes that 'contained both sucrose
synthase and callose synthase activities. Although the
coupled reaction between, sucrose and callose synthases
occurred predominantly to channel glucose from sucrose-
derived UDP-glucose into callose in the membranes, there
was no difference in the ratio of UD'P-glucose-forming
activity to sucrose-forming activity between the soluble
and membrane-bound forms of sucrose synthase. The
consumption of UDP-glucose from sucrose into callose
probably leads to UDP-glucose formation rather than
sucrose formation'in spite of the lower affinity of sucrose
synthase for sucrose than for UDP-glucose. Callose
formation was markedly stimulated by the addition of
either recombinant Glu 11 (S 11 E) or in vitro pho-
sphorylated Serll mung bean sucrose synthase but not by
the wild-type non-phosphorylated Serll enzyme. We
propose that a negative charge (by phosphorylation or
mutagenesis) at Serll in sucrose synthase causes the
enzyme to promote a coupled callose-forming reaction.
Ohmiya, Y. and T. Hayashi: Biotechnology on the
forest trees, Chemistry to Biology, 40, 32-37 (2002).
Biotechnology on the forest trees is reviewed.
Hayashi, T. : Carbon cycles-prospective, *~.11iJf~ .
jf~q., 37, 15-20 (2001).
Carbon cycles on the earth are reviewed.
Konishi, T., F. Sakai and T. Hayashi: Functional
analysis of cellulose-synthase-Iike genes, International
Congress Series, 449, 75-78 (2001).
Functional analysis of cellulose-synthase-like genes was
carried out using Arabidopsis mRNAs.
Ohmiya, Y., Y.W. Park and T. Hayashi: Cellulose
metabolism in poplar, In the Proceedings of Workshop:
Interaction between Cell Wall Components, pp. 11-12 (2001).
'Two cDNA clones, PopCell and PopCel2, isolated from a
poplar cDNA library encoded the extracellular and the
wall-bound cellulases. The products of these two genes
contained domains conserved in endo-l, 4-f3-glucanase
(family 9) showing 91.5% amino acid identity. The levels
of both Pop Cell and PopCel2 mRNAs increased during the
lag phase of growth and decreased rapidly during the
exponential growth phase. After the levels decreased,
they were again increased by the addition of sucrose to the
culture medium. The increase was further enhanced by
the'addition of 2, 4-dichlorophenoxyacetic acid (2,4-D) in
the presence of sucrose. The accumulation of the mRNAs
was also associated with the solubilization of cello-
oligosaccharides during cultivation. Parts of cello-
oligosaccharides and xyloglucan were also solubilized from
the wall preparations of poplar cells by the incubation with
the enzymes. An antibody against both PopCels reduced
the solubilization of cello-oligosaccharicles by the
extracellular enzyme by 90% and that by the wall-bound
enzyme by 55%, and also prevented xyloglucan
solubilization. The time of the solubilization of cello-
oligosaccharides corresponded to both the accumulation of
PopCell and PopCel2 mRNAs and an increase in cellulase
activities in the presence of sucrose and 2, 4-D at 12th h in
auxin-starved cells.
Kobayashi, Y., H. ,Kuorda and F. Sakai: Analysis of
Copia-Iike retrotransposons in poplar (Populus alba
L.), Wood Research, 88, 42-43 (2001).
Copia-like retrotransposon genes were amplified by PCR
from the gemomic DNA and subcloned. Out of76 clones,
9 clones showed that they are copia like retrotransposons.
Smear bands were detected on Southern analysis when one
of the positive clones were used as a probe. These data
indicate that poplar genome carries polymorphic
retrotransposons with or without function.
Kodan, A., H. Kuroda and F. Sakai: Simultaneous
expression of stilbene synthase genes from Japanese
red pine (Pinus densiflora) seedlings,]. Wood Sci., 47,
58-62 (2001).
We analyzed sequences of the stilbene synthase (STS)
cDNA in Pinus densiflora. Three novel STS cDNA clones
that carry full coding sequences were isolated from a cDNA
library constructed from the roots. By PCR, the 3' end of
the STS cDNA fragments was amplified and subcloned.
Twelve STS cDNAs were categorized into seven distinct
subclasses according to 3' untranslated region (3'UTR)
sequences. The simultaneous expression of the STS
members is one of the mechanisms for adaptation that pine
have developed over time.
Kodan, A., H. Kuroda and F. Sakai: A stilbene
synthase from Japanese red pine (Pinus densiflora) : its
implication for phytoalexin accumulation and down-
regulation of flavonoid biosynthesis, Proc. Nat. Acad.
Sci., 99(5), 3335-3339 (2002).
Stilbene synthase (STS) and chalcone synthase (CHS)
are plant specific polyketide synthases, playing key roles in
the stilbenoid and flavonoid biosyntheses, respectively.
We have recently isolated from Pinus densiflora three STS
cDNAs (PDSTSl, PDSTS2 and PDSTS3) and one CHS
cDNA (PDCHSX). We then heterologously expressed
them in Escherichia coli and characterized their properties.
An unusual STS isozyme, PDSTS3 lacks the common C-
terminal extension of STS due to a frame-shift mutation,
and shows the highest pinosylvin-forming activity among
the STSs tested. Pinosylvin was shown to be a potent
inhibitor of PDCHSX (Ki =6 pM) as well as PDSTS2
(Ki = 13 pM), which presumably maintains the balance
between the stilbenoid and flavonoid biosyntheses.
PDSTS3 was insensitive to product inhibition. We
identified PDSTS3 in the pine seedlings as well as full-
length STS. The data provide evidence that PDSTS3 is
involved in the potential regulation of the stilbenoid and
flavonoid biosynthetic pathways in pine, trees.
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Kuroda, H.: How can wood sense environmental
stress? (in Japanese) Woodiense, "an additional
documents of J. Wood Science", No. 50, 5-6 (2001).
Summary of a lecture presented in a seminar held by a
research section "Wood extractives and its utilization" in
the Japan Wood Research Society, Kyoto (2000).
Munir, E., J.J. Yoon, T. Tokimatsu, T. Hattori and M.
Shimada: A physiological role for oxalic acid
biosynthesis in the wood-rotting basidiomycete
Fomitopsis palustris, Proc. Natl. Acad. Sci., 25, 11126-
11130 (2001).
A metabolic mechanism for oxalic acid biosynthesis in
the wood-rotting basidiomycete Fomitopsis palustris has been
proposed on the basis of biochemical analyses of glucose
metabolism. There was a sorong correlation between
glucose consumption and oxalate production. Oxalic
acid was found to accumulate in the culture fluid in about
80% of the theoretical yield or about 5-fold, on the basis of
the fungal biomass harvested. The results clearly indicate
that glucose was not completely oxidized to CO2 by the
tricarboxylic acid (TCA) cycle but converted mainly to
oxalate. The determination of the 12 enzymes concerned
has revealed the occurrence of the unprecedented
metabolic coupling of the TCA and glyoxylate cycles that
support oxalate biosyhthesis. In this metabolic system,
isocitrate lyase (EC 4.1.3.1), together with oxaloacetase
(EC 3.7.1.1), was found to playa pivotal role in yielding
oxalate from oxaloacetate via the acetate-recycling routes.
Moreover, malate dehydrogenase (EC 1.1.1.37), with an
extraordinarily high activity among the enzymes tested,
was shown to play an important role in generating NADH
by oxidation of malate to oxaloacetate. Thus, it is
proposed that the wood-rotting bassidiomycete acquires
biochemical energy by oxidizing glucose to oxalate.
Munir, E., J.J. Yoon, T. Tokimatsu, T. Hattori and M.
Shimada: New role for glyoxylate cycle enzymes in
wood-rotting basidiomycetes in relation to biosyn-
thesis of oxalic acid, j. Wood Sci., 47, 368-373 (2001).
The key enzymes of the glyoxylate cycle, isocitrate lyase
(ICL) and malate synthase (MS), were detected in varying
amounts in the mycelia of the wood-rotting basidiomycetes
tested, although they were grown in a glucose-rich
medium. The highest specific activities of ICL (0.37
U/mg protein) and MS (0.63 U/mg protein) were
measured for the brown-rot basidiomycetes Laetiporus
sulphureus and Fomitopsis palustris, respectively. The results
indicate that the glyoxylate cycle enzymes occur in wood-
rotting basidiomycetes as the seemingly "constitutive"
enzymes at varying levels. The glyoxylate cycle enzymes,
inclouding malate dehydrogenase (MDH), and the
oxalate-producing enzymes glyoxylate dehydrogenase
(GDH) and oxaloacetase (OXA) were found to have good
correlation with biosynthesis of oxalic acid and fungal
growth, which was also confirmed by use of an ICL
inhibitor. A new role for the glyoxylate cycle is discussed
in relation to oxalic acid biosynthesis in wood-rotting
basidiomycetes.
Munir, E., T. Hattori and M. Shimada: Purification
and characterization of isocitrate lyase from the wood-
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destroying basidiomycete Fomitopsis palustris grown
on glucose, Arch. Biochem. Biophys., 399, 225-231 (2002).
Isocitrate lyase (EC 4.1.3.1), a key enzyme in the
glyoxylate cycle, was purified 76-fold with 23% yield as an
electrophoretically homogeneous protein from the wood-
destroying basidiomycete Fomitopsis palustris grown on
glucose. The native enzyme has a molecular mass of 186
kDa, consisting of three identical subunits of60 kDa. The
K m for DL-isocitrate was found to be 1.6 mM at the
optimum pH (7.0). The enzyme required Mg2 + (Km 92
pM) and sulfhydryl compounds for optimal activity. The
enzyme activity was strongly inhibited by oxalate and
itaconate with a K i of 37 and 68 pM, respectively. The
inhibition by the glycolysis and tricarboxylic acid cycle
intermediates and related compounds suggested that the
isocitrate lyase was a regulatory enzyme playing a crucial
role in the fungal growth.
Munir, E., T. Hattori and M. Shimada: Purification
and characterization of malate synthase from the
glucose-grown wood-rotting basidiomycete Fomitopsis
palustris, Biosci. Biotechnol. Biochem., 66, 576-581 (2002).
Malate synthase (EC 4.1.3.2), the key enzyme of the
glyoxylate cycle, was purified to a homogeneous protein
from the wood-rotting basidiomycete Fomitopsis palustris
grown on glucose. The purified enzyme, with a molecular
mass of 520-kDa, was found to consist of eight 65-kDa
subunits, and to have K m of 45 and 2.2 pM for glyoxylate
and acetyl-CoA, respectively. The enzyme activity was
competitively inhibited by oxalate (Kj , 8.5 pM) and
glycolate (K i , 17 pM), and uncompetitively by coenzyme A
(K i , 100 pM). The potent inhibition of the activity by p-
chloromercuribenzoate suggests that the enzyme has a
sulfhydryl group at the active center. However, the enzyme
was inhibited moderately by adenine nucleotides and
weakly by some of the metabolic intermediates of glycolysis
and tricarboxylic acid cycle. The enzyme was completely
inactive in the absence of metal ions and was maximally
activated by Mg2 + (Km , 0.4 pM), which also served to
significantly prevent enzyme inactivation during storage.
Itaya, M., T. Hattori, A. Ohta and M. Shimada: An
enzymatic study on isocitrate metabolism in the
ectomycorrhizal fungus Laccaria amethystea, Wood
Research , No. 88, 46-47 (200 1) .
This study focused on isocitrate metabolism in the
ectomycorrhizal fungi because isocitrate is the key
intermediate at a diverging point of the glyoxylate cycle
and TCA cycle. The activity of Isocitrate dehydrogenase
(ICDH) was always greater than that of Isocitarate lyase
(ICL) in the mycelial extracts from the ectomycorrhizal
fungus L. amethystea grown in the pure culture and the
symbiotic culture associated with Pinus densiflora seedlings.
This result suggests that ICDH probably play a more
important role than ICL in the isocitrate metabolism of L.
amethystea.
Yoon, J.J., T. Hattori and M. Shimada: A phy-
siological role of the glyoxylate and TeA cycles in
fruit body formation of the wood-rotting fungus
Fomitopsis palustris, Intern. Res. Group on Wood
Preserv. Doc. No. IRG/WP 02-10430 (Stockholm), pp. 1-8
WOOD RESEARCH No. 89 (2002)
(2002).
Changes in actIvIty of the representative enzymes
involved in ,biosynthesis of oxalic acid (oxalate) and carbon
metabolism of glucose were investigated in relation to the
fruit body formationbf the copper-tolerant brown-rot
fungus Fomitopsis palustris. Changes in specific activities of
the two glyoxylate (GLOX)' cycle key enzymes (isocitrate
lyase (ICL) and malate synthase (MS)), the two oxalate-
formin.g enzymes (oxaloacetase (OXA) and glyoxylate
dehydrogenase (GLOXDH)), and a tricarboxylic acid
(TCA) cycle enzyme (isocitrate dehydrogenase (IDH)),
were measured during the fungal growth. The enzymes
for GLOX cycle and oxalate synthesis in mycelia showed
greater activities at the stage of mycelial growth than at the
fruiting stage. At the fruiting stage, the IDH/ICL
activity ratios was reversed, rising from 0.3 to 2.0. Thus,
the results obtained indicate thatIDH of the TCA cycle
plays a more important role than ICL ofGLOX cycle for
the fruit body formation ofF. palustris, whereas ICL is more
important than IDH for the oxalate biosynthesis at the
earlier stage of the cultivation.
Li, L., X.F.Cheng,]. Leshkevich, T. Umezawa, S.A.
Harding and V.L. Chiang: The last step of syringyl
monolignol biosynthesis in angiosperms is regulated
by a novel gene encoding sinapyl alcohol dehy-
drogenase, Plant Cell, 13, 1567-1585 (2001).
Cinnamyl alcohol dehydrogenase has been thought to be
mediate the raduction of both coniferaldehyde and
siIiapaldehyde into guaiacyl and syringyl monolignols in
angiosperms. The authors reported the isolation of a
,novel aspen gene (PtSAD) encoding sinapyl alcohol
dehydrogenase (SAD), which is phylogenetically distinct
from aspen CAD (PtCAD). Liquid chromatography-
mass spectrometry-based enzyme functional analysis and
substrate level-controlled enzyme kinetics consistently
demonstrated that PtSAD is sinapaldehyde specific and
that PtCAD is coniferaldehyde specific. The enzymatic
efficiency of PtSAD for sinapaldehyde was -60 times
greater thant that of PtCAD. These data suggest that in
addition to CAD, discrete SAD function is essential to the
biosynthesis of syringyl monolignol in angiosperms. In
aspen ,stem primary tissues, PtCAD was immunolocalized
exclusively to xylem elements in which only guaiacyllignin
was deposited, whereas PtSAD was abundant in syringyl
lignin-enriched phloem fiber cells. In the developing
secondary stem xylem, PtCAD was most conspicuous in
guaiacyl lignin-enriched vessels, bu t PtSAD was nearly
absent fro'm these elements and was cinspicuous n fiber
cells. In the context of additinal protein immunolo-
calization and lignin histochemistry, these results sugggest
that the distinct CAD and SAD functions are linked
spatiotemporally to the differential biosynthesis of guaiacyl
and syringyl lig-nins in different cell types. SAD is
required for the biosynthesis of syringyl lignin in
angiosperms.
Hosokawa, M., S. Suzuki, T. Umezawa and Y. Sato:
Progress of lignification mediated by intercellular
transportation of monolignols during tracheary
element differentiation of isolated Zinnia mesophyII
cells, Plant and Cell Physiology, 42, 959-968 (200 I).
Tracheary element (TE) differentiation is a typical
example of programmed cell death (PCD) in higher plants,
and, maturation of TEs is completed by degradation of all
cell contents. However, lignification ofTEs progresses even
after PCD. We investigated how and where monolignols
are supplied to TEs which have undergone PCD during
differentiation of isolated Zinnea mesophyll cells into TEs.
Higher densities ofcell culture induced greater lignification
of TEs. Whereas the continuous exchanging of culture
medium suppressed lignification ofTEs, further addition of
coniferyl alcohol into the exchanging medium reduced the
suppression of lignification. Analysis of the culture
medium by HPLC and GC-MS showed that coniferyl
alcohol peaked at the beginning of secondary wall
thickening, decreased rapidly during secondary wall,
thickening, then increased again. These results indicated
that lignification on TEs progresses by supply of
monolignols from not only TEs themselves but also
surrounding xylem parenchyma"like cells through medium
in vitro.
Okunishi, T., T. Umezawa and M. Shimada: Isolation:
and enzymatic formation of Iignans of Daphne genkwa
and Daphne odora, J. Wood Sci., 47, 383-388 (2001).
Four lignans, pinoresinol, lariciresinol, secoisola-
riciresinol, and matairesinol, were isolated from each of
Daphne odora and Daphne genkwa (Thymelaeaceae).
Matairesinol isolated from both plants were optically pure
(>99% e.e.) and dextrorotatory. Pinoresinol and
lariciresinol isolated from the plants were not optically
pure, and their enantiomeric compositions ranged from 88
to 95% e.e. in favor of (- )-enantiomers. As for
secoisolariciresinol, the one from D. odora was optically
pure [(+)-enantiomer, >99% e.e.], while that from D.
genkwa was 97% e.e. in favor of (+ )-enantiomer. A Iignan
synthesizing enzyme activity was detected from a
Thymelaeaceae plant for the first time; Cell-free extracts
from D. genkwa catalyzed formation of (- )-lariciresinol
(23% e.e.) from racemic (± )-pinoresinols. The
stereochemistry of the enzymatic reaction were discussed
in relation to the stereochemical features of the isolated
lignans.
Takaku, N., D.-H. Choi, K. Mikame, T. Okunishi, S.
Suzuki, H. Ohashi, T. Umezawa and M. Shimada.;
Lignans of Chamaecyparis obtusa, J. Wood Sci., 47,
476-482 (2001).
Heartwood of Chamaecyparis obtusa contains significant
amounts of a dibenzylbutyrolactone lignan, hinokinin (8).
This investigation demonstrated that the contents of 8 as
well as a norlignan, hinokiresinol (12), in the heartwood
region were higher than those in the sapwood in the order
of magnitude, indicating their nature of heartwood
extractives. Eleven lignans, xanthoxylol (1), 7-oxo-
hinokinin (2), savinin (3), dihydrosesamin (4), isoactifolin
(5), sesamin (6), piperitol (7), hinokinin (8), pluviatolide
(9), haplomyrfolin (10), and matairesinol (11), were
isolated from young shoots of Chamaecyparis obtusa cv.
Breviramea. The eight lignans, 1, 2, 4, 5, 7, 9, 10, and
11, were isolated from the plant for the first time. Chiral
high-performance liquid chromatographic analysis showed
that 8, 9, 10, and 11, were found to be levorotatory and
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optically pure (>9% e.e.). Based on chemical structures
of the isolated lignans, possible biosynthetic pathways of 8
were discussed.
Takaku, N., K. Mikame, T. Okunishi, S. Suzuki, T.
Umezawa and M. Shimada: New lignan, isoactifolin,
from Chamaecyparis obtusa cv. Breviramea,j. Wood Sci.,
47, 493-496 (2001).
A new lignan isoactifolin (1) was isolated from young
shoots (with leaves) of Chamaecyparis obtusa cv. Breviramea.
The structure of new compound was determined as 1 based
on spectroscopic evidences.
Okunishi, T., N. Takaku, P. Wattanawikkit, N.
Sakakibara, S. Suzuki, F. Sakai, T. U mezawa and M.
Shimada: Lignan production in Daphne odora cell
cultures, j. Wood Sci., 48, 237-241 (2002).
Lignan production in callus and cell suspension cultures
of Daphne odora was reported for the first time. The cell
suspension culture produced pinoresinol, lariciresinol,
secoisolariciresinol, matairesinol, and wikstromol. The
production of matairesinol in the cell suspension culture
was much higher than that in Daphne odora stem tissues.
Umezawa, T.: Thymelaeaceae (in Japanese), In
"Jumoku no Kao" (Ed. Japan Wood Res. Soc., Wood
Extractives Devision), Kaiseisha, pp. 115-118 (2002).
Recent reports of secondary metabolites occurring III
Thymelaeaceae plants are surveyed and outlined.
U mezawa, T.: Euphorbiaceae (in Japanese), In
"Jumoku no Kao" (Ed. Japan Wood Res. Soc., Wood
Extractives Devision), Kaiseisha, pp. 155-162 (2002).
Recent reports of secondary metabolites occurring III
Euphorbiaceae plants are surveyed and outlined.
Suzuki, S., T. Umezawa and M. Shimada: Norlignan
biosynthesis in Asparagus officinalis L. : the norlignan
originates from two non-identical phenylpropane
units, j. Chem. Soc., Perkin Trans., 1, 3252-3257 (2001).
Little is known about the biosynthetic mechanism (s) of
norlignans with C6-C5-C6 skeletons in spite of their
important contributions to heartwood formation in
conifers. To clarify the mechanism(s), we have esta-
blished cell suspension cultures of Asparagus officinalis that
produce a norlignan, (Z)-hinokiresinol, after fungal elicitor
treatment. Feeding experiments with ring- or side chain-
13C _ and/or 2H-labelled phenylpropanoid monomers show
that two units of L-phenylalanine, cinnamic acid, 4-
coumaric acid, or 4-coumaryl alcohol are efficiently
incorporated into the norlignan. 13C NMR of (Z)-
hinokiresinols isolated after individual administration of
[7-13C ]cinnamic acid, [8_ 13C]cinnamic acid, and [9-
13C]cinnamic acid conclusively demonstrate that the side
chain, 7-C, 8-C, and 9-C atoms of cinnamic acid are
incorporated into C-l and C-3, C-2 and C-4, and C-5 of
(Z) -hinokiresinol, respectively. Thus, ring- and side-
chain-labelled tracer results indicate that all carbon atoms
of (Z)-hinokiresinol are found to originate from C6-C3
(phenylpropanoid) monomers, and this compound is
formed with a loss of one carbon atom at the 9-position of
one of the coupling monomers. Furthermore, a competitive
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tracer experiment with simultaneous administration of 4-
[ring_ 13C6 ]coumaric acid and 4-[7,9, 9-2H 3]coumaryl
alcohol indicates that the C6-C3 moiety of (Z)-hinokiresinol
is derived from 4-coumaryl alcohol, while the C6-C2 moiety
originates from a 4-coumaroyl compound such as 4-
coumaroyl CoA and not directly from 4-coumaryl alcohol.
Suzuki, S., T. Nakatsubo, T. Umezawa and M.
Shimada: First in vitro norlignan formation with
Asparagus officinalis enzyme preparation, j. Chem. Soc.,
Chem. Comm., 1088-1089 (2002).
The enzymatic formation of (Z)-hinokiresinol from two
non-identical phenylpropanoid monomers, 4-coumaryl
alcohol and 4-coumaroyl CoA, and from a dimer, 4-
coumaryl 4-coumarate, was reported for the first time.
Suzuki, S., T. Umezawa and M. Shimada: Stereo-
chemical diversity in lignan biosynthesis of Arctium
lappa L., Biosci. Biotechnol. Biochem., 66(6), 1262-1269
(2002).
Stereochemistry oflignan biosynthesis in Arctium lappa L.
is regulated organ-specifically. (+ )-Secoisolariciresinol
[81 % enantiomer excess (e.e.)] was isolated from A. lappa
petioles. In sharp contrast, lignans whose predominant
enantiomers have the opposite absolute configurations to
that of (+ )-secoisolariciresinol [i.e., (- )-matairesinol
(>99% e.e.), (-)-arctigenin (>99% e.e.), and (-)-
secoisolariciresinol (65% e.e.)] were isolated from seeds of
the species. The stereochemical diversity of secoisola-
riciresinol was demonstrated with enzyme preparations
from A. lappa petioles and seeds. Thus, a petiole enzyme
preparation catalyzed the formation of (+ )-pinoresinol
(33% e.e.), (+)-lariciresinol (30% e.e.), and (+)-
secoisolariciresinol (20% e.e.) from achiral coniferyl
alcohol in the presence ofNADPH and H 20 2, whereas that
from ripening seeds catalyzed the formation of (-)-
pinoresinol (22% e.e.), (- )-lariciresinol (>99% e.e.), and
(- )-secoisolariciresinol (38% e.e.) under the same
conditions. In addition, the ripening seed enzyme
preparation mediated the selective formation of the
optically pure (>99% e.e.) (- )-enantiomer of mataire-
sinol from racemic (± )-secoisolariciresinols in the
presence of NADP. These results indicate that
stereochemical mechanism for lignan biosynthesis in A.
lappa varies with organs, suggesting that multiple lignan-
synthesizing isozymes are involved in the stereochemical
control of lignan formation in A. lappa.
He, X.-Q., K. Suzuki, S. Kitamura, J.-X. Lin, K.-M.
Cui and T. Itoh: Toward understanding the different
function of two types of parenchyma cells in bamboo
culms, Plant Cell Physiol., 43(2), 186-195 (2002).
The distribution of cell wall components, including
lignin, (1-+3), (1-+4)-f3-D-glucans (MGs), the highly-
substituted glucuronoarabinoxylans (hsGAXs) and low
branched xylans (lbXs) in ground parenchyma tissue of
Plryllostaclrys heterocycla var. pubescens culms were studied by
using light microscopy (LM), UV-microscopy, trans-
mission microscopy (TEM) and immunolabeling
techniques. Results showed that the short parenchyma
cell walls lignified in the two-month-old young bamboo
culmjust as the long parenchyma cell walls. The lignified
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regions were. only. confined to the portion in· contact with
the long parenchyma cell walls, while the walls at the cell
corner region never lignified even up to the 7-year'-old
culms. Significant differences were' also found in the
hemicellulose· distribution between the short and long
parenchyma cell walls. In bamboo parenchyma tissue,
MGs were localized in short parenchyma cell walls and
only a little in long parenchyma cell walls through young to
7 year-old culms.. The distribution of hsGAXswas
similar to that of MGs in young culms, but they only
appeared in the cell corner· region of short parenchyma
cells in old culms. Low-branched xylans were distributed
in the lignified, but not in unlignified parenchyma cell
walls.
. Based 'on these evidences, the differences of function in
both long and short parenchyma cells were· discussed.
Karlson D.T., S. Kimura, T. Fujino, T. Itoh and E.N.
Ashworth: Elimination of artifactual immunogold
labeling from secondary walls of woody stem sections,
Plant Cell Rep., 20, 786...,.790 (2002).
PreliminarY' in situ transmission electron microscopy
imniunogold localization of a 24-kDa dehydrin-like protein
in red-osier dogwood (Comus serica L.) stem cross.,.sections
was contaminated with extensive background labeling of
secondary cell walls in both positive and negative control
samples. Alterations in antibody dilution, buffer salt
concentration and stringency of the washing .solutions
failed to eliminate .. background cell-wall labeling. A
procedure was developed in which lyophilized cold-
acclimated .C. sericea xylem tissue was pulverized and
boiled with sodium dodecyl sulfate (SDS)-protein
extraction buffer, was used to pre-absorb chicken immune
serum specific for a 24-kDa dehydrin-like protein prior to
immunolocalization assays. Pre-incubation of primary
antibodies did not compromise the recognition of the 24-
kDa protein, and _this technique effectively eliminated
background cell wall labeling.
T. I toh : .Deep-etching electron microscopy and 3-
dimensional cell wall architecture, pp.83-98, In,
"Wood Formation in Trees", Nigel Chaffey, Ed., Taylor &
Francis, London and New York (2002).
This chapter describes a deep-etching technique for the
study of cell wall formation. Deep-etching electron
microscopy allows one to visualise the 3-dimensional cell
wall architecture uridisturbed by embedding media. The
highly porous structure of primary as well as unlignified
cell wall was first revealed by this technique.. This novel
method coupled with immunogold-Iabelling will provide
information on the mutual linkages of cell wall components
at the molecular level.
Kimura, S., H.P. Chen, I.M. Saxena, R.M. Brown Jr.
and T. hoh: Localization of c-di-GMP-binding protein
with the linear terminal complexes of Acetobacter
xylinum~]. BacteriiJlogy, 183(19), 5668-5674 (2001).
Specific labeling of a single row of cellulose-synthesizing
complexes (= terminal complexes or TCs) in Acetobacter
xylinum by antibodies raised against a 93 kDa protein (the
c-di-GMP binding protein) has been demonstrated using
the sodium dodecyl sulfate-freeze fracture labeling (SDS-
66
FRL) technique. The antibodies to the 93 kDa protein
specifically recognized the TC particles on the P-fracture
face of A. xylinum; however non-labeled TCs were also
observed. The appearance of TC particles is classified
into two types: (a) gold-labeled TCs showing a hollow-like
line with an indistinct particle array; and, (b) non labeled
TC particles with a clear single row of particle arrays.
The evidence indicates that different proteins are exposed
on the P-fracture face, depending on the location of the
fracture. The SDS-FRL ofTCs in A. xylinum has enabled
us to provide the first topological molecular analysis of the
component proteins in a cellulose-synthesizing _TC
structure in a prokaryotic organism.
hoh, T. and S. Kimura: Immunogold labeling of
terminal cellulose-synthesizing complexes,]. Plant Res.
114, 483.-489 (200 I ).
More than 40 years have passed since the concept of a
multimeric enzyme complex for cellulose biosynthesis was
first proposed by Roelofsen in 1958. However, no direct
evidence has emerged and its existence remains one of the
great enigmas of plant biology. We have overcome two
difficulties in visualizing rosette terminal complexes (TCs)
labeled with antibodies to cellulose synthases. Freeze-
fracture electron microscopy is the only way to visualize
rosette TCs. However; the technique is not suitable for
immuno-gold labeling. We successfully applied SDS-
solubilized freeze-fracture replica labeling (SDS-FRL),
first developed by Fujimoto (1995), to plant cells. The
purification of cellulose synthases has not succeeded in
higher plant cells. We cloned GhCesA using AxCesA
from cotton eDNA libraries, and prepared polyclonal
antibodies against GhCesA protein. Using SDS-FRL, the
antibodies of cellulose synthases were specifically localized
to rosette TCs in the plasma membrane of higher plant
cells. This provides direct evidence that the rosettes
contain the catalytic subunit of the cellulose. synthase.
Shiroshita, S., T. hoh and H. Kumamoto: A wooden
model of a british steam locomotive fabricated in the
dawn of the Japanese railway era, ]. Industrial History,
4(1), 113-122 (2001).
This report clarfied and discussed the following points:
The wooden model replicates a Bayer Peacock locomotive
which had been produced in the UK since 1882. The
Japanese code name is 5300. The wood sample
investigations show that the model was most likely
fabricated in Japan. The fabrication aimed at mastering
UK locomotive technologies, at a time when metal
fabrication was not widely available in Japan. The Kyoto
University curriculum indicates that the model was used as
teachingmaterial in the Department of Mechanical
Engineering around the time of the University's
establishment.
hoh, T. and S. Kimura: Immunogold labeling of
terminal cellulose-synthesizing.complexes, Abstracts
& Programme, 9th International Cell Wall Meeting,
Toulouse, France, p.24 (2001).
The catalytic region of cotton cellulose synthase was
expressed in E. coli, and polyclonal antibodies were
produced. Using a SDS-solubilized freeze-fracture
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replica labeling (SDS-FRL) technique, the antibodies were
specifically localized to plasma membrane complexes on
the P-fracture face known as rosette TCs (= terminal
complexes). Antibodies did not specifically label any
globular or terminal structures on the E-fracture face.
Immunogold coupled to goat anti-rabbit antibody
provided the tag for visualization in the transmission
electron microscope.
Suzuki, K., T. Saito, T. Itoh and S. Kitamura:
Explosing new genes related to saccharides meta-
bolism from rice genome sequences by bioinfor-
matics, Abstracts & Programme, 9th International Cell
Wall Meeting, Toulouse, France, p. 143 (2001).
Rice genome sequences are being deposited in public
database at a dramatic rate. However, the process of
detecting genes in these sequences is still something of art.
We will present the implementation and testing of a
straightforward computational method to find new genes,
using a Virtual Transcribed Sequence (VTS) database.
The VTS database was constructed from approximately
9% of total rice fgenome sequences ny use of a gene
prediction program GENSCAN 1.0 (maize parameter, cut
off 1.0; http://genes.mitedu/GENSCAN.html) in combi-
nation with a program based on similarity search in
protein sequences. The database consisted of predicted
new genes which were classified on the basis of results
obtained by the similarity search programs.
Kimura S. and T. Itoh: Occurrence of high
crystalline cellulose in the most primitive tunicate,
appendicularian, Molecular Breedings of Woody Plants,
Eds., Morohoshi, N. and A. Komamine, in Progress in
Biotechnology, Vol. 18, Elsevier, 121-126 (2001).
Highly crystalline cellulose If3 was found in the house of
the appendicularian Oikopleura rufescens. Cellulose micro-
fibrils 20 nm in width were observed in a random array or
highly organized with rectangular spacing of 2 to 10 urn in
the house. This paper provides the first account of the
existence of cellulose in the house of an appendicularian.
Itoh, T. : Wood identification of buddha sculpture,
in "Research Report for Restoration of the Important
Cultural Properties, Fudou-Myouou and its two children
in Kongo-ji Temple", Ed. & Published by Takahata-san
Kongo-ji temple, pp. 122-127, plates 131-140 (2002).
The important Buddha sculpture of Fudou-Myouou and
its two children, Seitaka-Dohji and Kongara-Dohji in
Kongo-ji temple was subjected to the wood identification.
All three Buddha sculpture was made of assempled wood
construction. Fourteen pieces of wood were collected
from Fudou-Myouou, ten pieces from Seitaka-Dohji and
six pieces from Kongara-Dohji. Thirteen pieces of wood
in Fudou-Myouou were made of Chamaecyparis obtusa and
one was made of Torreya nucifera. Four different wood
species were used for making Buddha sculpture of Seitaka-
Dohji, that is, Chryptomeria japonica, Celtis sinensis,
Cercidiphyllum japonicum and Aesculus turbinata. Four
different wood species were used for making Buddha
sculpture of Kongara-Dohji, that is, Chamaecyparis obtuse,
Torreya nucifera, Cercidiphyllum japonicum, and Magnoria
obovata.
- 67
Itoh, T. : Tree species of wooden artifacts excavated
from Tsukuda relics, "Tsukuda Relics", Research
Report of Cultural Properties in H yoga Prefecture, Part 2,
Vol. 176, 79-83, Editorial Board of Hyogo Prefecture
(1998).
Tree species of 24 wood artifacts excavated from
Tsukuda relics in Jyomon era in Hyogo prefecture were
iden tified. The tree species identified are those of Torreya
nucifera, Abies firma, Cryptomeriajaponica, Chamaecyparis obtuse,
Quercus sp. (Cyclobalanopsis) , Castanea crenata, Cinnamomum
camphora, Camellia japonica, Cleyera japonica, and Eurya
japonica.
Itoh, T.: Immunogold labeling of terminal cel-
lulose-synthesizing complexes in selected cellulosic
organism, Book of Abstract, International Wood
Biotechnology Symposium organized by JSPS, 26 (2001).
We have already demonstrated that the catalytic subunit
of cellulose synthase is shown to be associated with the
putative cellulose-synthesizing complexes (terminal com-
plexes, TCs) in vascular plants using freeze-fracture
labeling techniques. The antibodies were prepared from
the catalytic subunit domain of cotton cellulose synthase
which was cloned using a primer based on a rice expressed
sequence tag (D4l26l). Cellulose synthase is a highly
complex structure composed of a variety of proteins that
are involved in the assembly of cellulose microfibrils. In
the case of Acetobacter xylinum, the involvment of three
different cellulose synthase operon, B, C and D in cellulose
assembly has been suggested. In order to test the
presence and localization of the operon B, we applied the
same fracture-labeling techniques. A single row of
cellulose-synthesizing complexes in Acetobacter xylinum was
labeled by antibodies raised against a 93 kDa protein (the
c-di-GMP binding protein, which is equivalent to the
operon B). The evidence has been demonstrated using
the sodium dodecyl sulfate-freeze fracture labeling (SDS-
FRL) technique. The antibodies specifically recognized
the TC particles on the P-fracture face of A. xylinum;
however non-labeled TCs were also observed. Two types
of TC particles occur at the same PF face of outer
membrane: (a) gold-labeled TCs showing a hollow-like
line with an indistinct particle array; and, (b) non-labeled
TC particles with a clear single row of particle arrays.
Based on these evidences, we propose a new hypothesis for
the protein construction of TC. The SDS-FRL of TCs in
A. xylinum has enabled us to provide the first topological
molecular analysis of the component proteins in a
cellulose-synthesizing TC structure in a prokaryotic
organism.
Fujino, T., L. Wu, L. Li, C.P. Joshi, T. Itoh and V.L.
Chiang: The gene expression of a xylem-specific
cellulose synthase under gravitational stimulus in
aspen (Populus tremuloides) , Book of Abstract, Inter-
national Wood Biotechnology Symposium organized by
JSPS, 56 (2001).
Angiosperm trees develop tension wood at the upper side
of a leaning stem in response to gravitational stimulus.
The tension wood is characterized by the decreased
number of vessel and the additional deposition of
gelatinous layer in the lumen of fiber cells. In this
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experiment, Aspen (Populus tremuloides) was subjected to
gravitational· stimulus by fixing its stem at an angle to
induce tension wood formation. In order to visualize the
expression of gene involved in cellulose biosynthesis
(PtCesA), it was probed by in situ hybridization technique
during tension wood formation. The gene, PtCesA that
was suggested to be involved in secondary wall deposition
.was cloned from xylem cells of aspen. The expression of
PtCesA gene was observed in the developing xylem cells
right before the .secondary wall deposition in the normal
tree. After the gravitational stimulus for I day, the gene
expression became weak in the cells of opposite side
compared to the cells of tension side. Then, the gene
expression disappeared at the opposite side and became
intense at the tension side, as the tree was subjected to
gravitational stimulus for 4 days. After continuing the
stimulus for 15 days, the number of the cells which lack the
gene expression was increased. The cells located in the
half circle of the .stem in opposite side did not show of
expression the gene. Our results confirmed that I)
PtCesA was exclusively involved in the cellulose
biosynthesis during the secondary wall deposition; 2)· the
expression .of the. gene was affected by gravitational
stimulus resulting in the cessation of the expression at
opposite side. The regulation of the expression of PtCesA
seemed to be related to the formation of special feature of
the tension wood in aspen.
Kimura, S. and T. I toh: Occurrence of high
crystalline cellulose in the most primitive tunicate,
Appendicularian, Book of Abstract, International Wood
Biotechnology Symposium organized by JSPS, 65, 2001.
The tunicates (::;= urochordates) are known as the only
animals.to produce highly crystalline cellulose. Up to the
present, cellulose I microfibrils have been found in almost
all of the. ascidians and thaliaceans. The appendi-
cularians is another group in the Tunicata. Although the
molecular phylogeny suggests that appendicularians share
a common ancestor with the other group of tunicates.
However it is 'yet uncertain whether the appendicularian
contains cellulose or not. Therefore, it is necessary to
clarify the existence of cellulose in the appendicularian to
·understand the.· evolutionary pathway of cellulose
biosynthesis in the tunicates. Using electron diffraction
analysis, highly crystalline cellulose I~ was found in the
house (a special structure in which the tunicate lives) of an
appendicularian, Oikopleura rufescens. The cellulose
microfibrils of 20 nm in width were observed in a random
array or highly organized with 2 to 10 mm rectangular
spacings in the house. The bundled cellulose microfibrils
formed in the inlet filters, which are highly ordered
meshwork structure. This provides first account for the
existence of cellulose in the house of the appendicularian.
The evidence shows that the house and tunic are
homologous tissue among the tunicates, and that. the
common. ancestor of the tunicates (ascidians, thaliaceans,
and appendicularians) had already possessed the ability of
the cellulose biosynthesis. This investigation will offer a
key to understanding whether the cellulose synthetic
ability is universal or not in the tunicates, and how the
cellulose biosynthetic ability is transmitted into the
tunicates.
Kobayashi, S., J. Sakamoto, S. Kimura, M. Ohmae and
J. Sugiyama: Synthesis and formation of higher-order
structure of artificial polysaccharides by enzyme-
catalysed polymerization., Nihon Kagaku Sen-I Kenkyusho
No. 58, 9-15 (2001).
Synthesis by enzyme-catalysed polymerization and
formation of higher-order structure of artificial cellulose
and chitin were reviewed.
Imai, T., T. Watanabe, T. Yui and J. Sugiyama:
Directional degradation of l3-chitin by chitinase Al
revealed by a novel reducing end labelling technique.,
FEBS Lett., 510, 201-205 (2001).
A novel procedure for labelling the molecular ends of f3-
chitin crystals has been. established. By introducing a
hydrazide derivative of biotin at the reducing end of a
chitin chain, followed by a specific interaction between
biotin and streptavidin coupled with a colloidal gold
particle, the chain directionality of f3-chitin microcrystals
could be directly visualized by transmission electron
microscopy (TEM). This method allowed to certify the
parallelism of the chitin chains in the f3-chitin
microcrystals, and also to label the reducing tips of f3-chitin
microcrystals degraded by Bacillus circulans chitinase AI.
With these substrates, the labelling occurred only at their
tapered tip, which indicates that the digestion of these
crystals proceeded from their reducing end. The
generalization of this new labelling method .to. other
polysaccharide crystals is discussed.
Miiller, M., R. Hori, T. Itoh and J. Sugiyama: X-ray
microbeam and electron diffraction experiments .on
developing xylem cell walls, Biomacromolecules, 3( I),
182-186 (2002).
This paper describes the first successful application of
the novel technique of X-ray microbeam diffraction to the
study of wood cell walls in developing xylem tissue. The
method enabled us to obtain quantitative' diffraction
diagrams from single cells walls. I t was further combined
with selected area electron diffraction. We find that the
crystal size of cellulose is increasing from the primary wall
(P, < 19 A) over the outer layer (Sl, 19 A) to the middle
layer of the secondary wall (Sz, 24 A). In particular, the
cellulose crystals formed in the primary wall consist of an
extremely low-crystalline state of cellulose I. We suggest
the more applicable concept of microfibrils with increasing
lateral.disorder, similar to cellulose .IVI.
Uchiyama, T., F. Katouno, N. Nikaidou, T. Nonaka, J.
Sugiyama and T. Watanabe.: Roles of the exposed
aromatic residues in crystalline chitin hydrolysis by
chitinase A from Serratia marcescens 2170, J. .Bioi.
Chem., 276(44), 41343-41349 (2001).
Four exposed aromatic residues, two in the N-terminal
domain (Trp-69 and Trp-33) and two in the catalytic
domain (Trp-245 and Phe-232) of Serratia marcescens
chitinase A, are linearly aligned with the deep catalytic
cleft. To investigate the importance of these residues in
the binding activity and hydrolyzing activity against
insoluble chitin, site-directed mutagenesis to alanine was
carried out. The substitution .of Trp-69, Trp-33, or Trp-
245 significantly reduced the binding activity to both
- 68-
ABSTRACTS
highly crystalline fi-chitin and colloidal chitin. The
substitution of Phe-232, which is located closest to the
catalytic cleft, did not affect the binding activity. On the
other hand, the hydrolyzing activity against fi-chitin
microfibrils was significantly reduced by the substitution of
anyone of the four aromatic residues including Phe-232.
None of the mutations reduced the hydrolyzing activity
against soluble substrates. These results clearly demon-
strate that the four exposed aromatic residues are essential
determinants for crystalline chitin hydrolysis. Three of
them, two in the N-terminal domain and one in the
catalytic domain, play vital roles in the chitin binding.
Phe-232 appeared to be important for guiding the chitin
chain into the catalytic cleft. Based on these observations, a
model for processive hydrolysis of crystalline chitin by
chitinase A is proposed.
Ha, H.-C., Y. Honda, T. Watanabe and M. Kuwahara:
Production of manganese peroxidase by pellet culture
of the lignin-degrading basidiomycete, Pleurotus
ostreatus, Appl. Microbiol. Biotechnol., 55, 704-711 (2001).
P. ostreatus No. 42 produced the ligninolytic enzymes,
manganese peroxidase (MnP) and laccase, in agitation
culture in glucose/peptone/wheat-bran medium. For-
mation of mycelial pellets 1-2 mm in diameter was
essential for the production of MnP ; and the concentration
of dissolved oxygen in the culture medium greatly
influenced the production of MnP, a concentration over 5
ppm being necessary for MnP production. P. ostreatus No.
42 produced two MnP isozymes in agitation culture. The
major isozyme, F-2, was 36.4 kDa and had a pI of 3.95.
The MnP characteristics, K m values, dependence on Mn 2 +
and optimum pH showed the similarity between this
isozyme and MnP 3, which was produced under different
culture conditions.
Kuwahara, M.: Production of chemicals from
lignocellulosic resources, Bio Industry, 18,47-55 (2001)
(in Japanese).
Resent advances in the research of production of
chemicals and chemical feed stock from lignocellulosic
resources including wood and agricultural wastes by using
biological processes were reviewed.
Kuwahara, M.: Indusrial conversion of ligno-
cellulosic resources to chemicals, Kagaku Kei::.ai, 48,
86-92 (2001) (in Japanese).
Fundamental processes of the conversion of ligno-
cellulosic resources and their components and its
importance of the utilization natural resources for the
production of chemical feedstock were reviewed.
Kuwahara, M.: Characterization and utilization of
ligninolytic enzymes produced by basidiomycetes, in
"Recent advances in environmentally compatible polymers" ed. J.F.
Kennedy, G.O. Phillips, P.A. Williams and H.
Hatakeyama, Woodhead Publishing Ltd, Cambridge,
387-395 (2001).
By using manganese peroxidase (MnP) purified from the
culture of the basidiomycetes Bjerkandera adusta, coniferyl
and sinapyl alcohols were polymerized to c-DHP and s-
DHP, respectively, with a high yield in the mixed solvent of
acetone and methylcellosolve. NMR analysis showed s-
DHP synthesized by MnP contained higher content of fi-
0-4 substructure than the DHP synthesized by
horseradish peroxidase. Using this reaction, polymeri-
zation products were obtained from various phenols,
aromatic amines and other compounds in the media
containing acetone or dioxan.
Kuwahara, M. : Production of cellulose by biological
delignification, in "Technological trends in energy generation
from biomass", ed. H. Yukawa, CMC, Tokyo, 147-154
(2001) (in Japanese).
Technology and fundamental of the preparation of
cellulose from plant biomass by using ligninolytic
basidiomycetes were reviewed.
Watanabe, T., N. Shirai, H. Okadra, Y. Honda and M.
Kuwahara: Production and chemiluminescent free
radical reactions of glyoxal in lipid peroxidation of
linoleic acid by the ligninolytic enzyme, manganese
peroxidase, Eur. J. Biochem., 268, 6114-6122 (2001).
Glyoxal is a key compound involved in glyoxal oxidase
(GLOX)-dependent production of glyoxylate, oxalate and
H 20 2 by lignin-degrading basidiomycetes. In this paper,
we report that glyoxal was produced from a metabolite of
ligninolytic fungi, linoleic acid, by manganese peroxidase
(MnP)-dependent lipid peroxidation. In the absence of
the parent substrate of linoleic acid, the dialdehyde was
oxidized by MnP and Mn(III) chelate to start free radical
reactions with emission of chemiluminescence at 700-710
nm. The spectroscopic profile of the light emission is
distinguishable from (a) singlet oxygen, (b) triplet
carbonyls from dioxetane and a-hydroxyperoxyl radicals,
and (c) biacyl triplet formed by the coupling of two acyl
radicals. The photon emission of glyoxal by MnP was
activated by co-oxidation of tartrate. The MnP-
dependent oxidation of glyoxal in tartrate buffers
continued for 10 days without addition of exogenous H 20 2.
The importance of these results is discussed in relation to
the free radical chemistry oflignin biodegradation by wood
rot fungi.
Sato, S., T. Watanabe, Y. Honda and M. Kuwahara:
Degradability of natural and synthetic polymers by
the white rot fungus, Ceriporiopsis subvermispora, Wood
Res., 88, 48;-49 (2001).
Selective white rot fungi, such as Ceriporiopsis
subvermispora and Dichomitus squalens are able to degrade
lignin at a site far from enzymes. In the present paper,
biodegradation of synthetic and natural polymers by C.
subvermispora and D. squalens was examined to expand the
unique extracellular oxidation system of the fungi to the
degradation of recalcitrant polymers. C. subvermispora was
found to degrade vulcanized polyisoprene rubber.
Watanabe, T. : Biomass refinery, Technological Trends in
Energy Generationfrom Biomass, Ed. by H. Yukawa, CMC,
Tokyo, 231-245 (2001) (in Japanese).
Production of chemical products from biomass by
biological and enzymatic systems was reviewed.
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Watanabe, T.: Production of polymers from lignin,
Technological Trends in "Energy Generation from Biomass, Ed. by
H. Yukawa, CMC, Tokyo, 203-217 (2001) (in Japanese).
Conversion of lignin into plastics and plastics-like
moldings by biological and biochemical methods was
reviewed.
Watanabe, T.: Enzymatic and non-enzymatic
degradation of lignin, Cellulase Kenkyukaihou; 16, 53-56
(2001) (in Japanese).
Extracellular free radical processes catalyzed by
oxidative enzymes and metal complexes in white rot decay
were reviewed.
Watanabe, T. : Free radical generation process and
biomimetic reactions of a biopulping fungus,
Ceriporiopsis subvermispora, Shikoku Research Conference on
Pulp and Paper Technology, 27, 1-10 (2001) (in Japanese).
Wood decaying process of selective white rot fungi
including metal complex-catalyzed free radical chain
reactions of hydroperoxides were described. Biomimetic
reactions for the oxidative process and recent progress of
biopulping technology were reviewed.
Watanabe, T., M. Enoki, S. Sato, Y. Honda and M.
Kuwahara, N. Shirai and K. Messner: Free radical
process controlled by manganese peroxidase and
lipid-related metabolites produced by Ceriporiopsis
subvermispora, 32th Annual meeting of the International Group
on WoOd Preservation, IRG/WP 01-10412, 1-6 (2001).
Free radical' process generated by the reactions of
manganese peroxidase with lipid-related metabolites
produced by a white rot fungus, Ceriporiopsis subvermispora
was described.
Enoki,;M., Y. Honda, M. Kuwahara. K. Messner and
T. Watanabe: A novel lipid-related compound, (Z)-I,
7-nonadecadien~2, 3-dicarboxylic acid, produced by
white-rot fungus Ceriporiopsis subvermispora, 32th
Annual meeting of the International Group on Wood Preservation,
IRG/WP 01-10411, 1-5 (2001).
Production of alkylitaconates by a selective white-rot
fungus Ceriporiopsis subvermispora was described.
Fackler, K., P.Lamaipis, E. Srebotnik, M. Humar, C.
Tavzes F. Pohleven, M. Sentjurc, T. Watanabe and K.
Messner: Mechanistic aspects of the reactions of
copper complexes with lignin in the presence of
hydrogen peroxide and lipid hydroperoxide model
compounds as proposed for white rot fungi, 32th Annual
meeting of the International Group on Wood Preservation,
IRG/WP 01-10399, 1-16 (2001).
Mechanisms for the reactions of copper complexes with
lignin in the presence 'of hydrogen peroxide and lipid
hydroperoxide model compounds were analyzed by ESR
and degradation of 14C-Iabelled lignin model compounds.
Watanabe, T., K. Messner, P. Lamaipis, N. Shirai, M.
Enoki, S. Sato, Y. Honda and M. Kuwahara: Acyl
radical chain reactions in enzymatic and non-
enzymatic lipid peroxidation, Proc. 8th International
Conference on Biotechnology in Pulp and Paper Indistry,
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Presymposium on Recent Advances in Lignin Biodegradation and
Biosynthesis, p.22, 3-4 Jun., Helsinki, Finland (2001).
Free radical process of lipid peroxidation catalyzed by
manganese peroixdase and Mn(III)chelate was analyzed
by ESR. Roles of acyl radical chain reactions in· the
enzymatic and non-enzymatic lipid peroxidation were
discussed.
Khanongnuch, C., N. Wanphrut, S. Lumyong, P.
Suwanarit and T. Watanabe: A new thermotorelant
wood rotting fungi Coriolus versicolor isolated from
northern Thailand and its potential in lignin
degrading applications, Proc. 8th International Conference on
Biotechnology in Pulp and Paper Indistry, Presymposium on Recent
Advances in Lignin Biodegradation and Biosynthesis, p. 11 0, 3-4
Jun., Helsinki, Finland (2001).
A new thermotorelant wood rot fungus, Coriolus
versicolor was isolated from northern Thailand.
Thermotorelance and production of lignin-degrading
enzymes by the fungus were analyzed. Properties of
laccase secreted by the fungus were reported.
Fackler, K., E. Srebotnik, T. Watanabe, P. Lamaipis,
M. Humar, C. Tavzes, M. Sentjurc and K. Messner:
Biomimetic pulp bleaching with copper complexes
and hydroperoxides, Proc. 8th International Conference on
Biotechnology in Pulp and Paper Indistry, p. 61-62, 4-8 Jun.,
Helsinki, Finland (200 I).
Oxygen-prebleached kraft pulps were bleached .by
copper complexes and hydroperoxides.. The bleaching
effects were discussed in relation to the production of free
radicals and copper-peroxo complexes.
Lamaipis, P., K. Fackler, E. Srebotnik, T. Watanabe,
W. Gindl and K. Messner: Semiquantitative and
quantitative assay of the capacity of the coordinated
copper peroxide system to degrade native wood
lignin, Proc. 8th International Conference on Biotechnology in
Pulp and Paper Indistry, p. 236-237, 4-8 Jun., Helsinki,
Finland (200 I).
Degradation of lignin in wood by coordinated copper!
peroxide system was analYlied by a double staining
method. Degradation of lignin in wood cell walls and
middle lamellae was achieved by the catalytic system of
copper, hydroperoxides and copper coorginating
compounds containing aromatic nitrogen atomes.
Punnapayak, H., M. Kuhirun, N. Kunpratum, T.
Pangjunan, P. Liawsakul and T. Watanabe: Pre-
bleaching of a eucalyptus paper pulp with white rot
fungi, Proc. Annual Meeting of the Society for Industrial
Microbiology (SIM) , p. 29, Jul.-2 Aug., St Louise, USA
(2001).
White rot fungi with high productivity of lignin-
degrading enzymes were isolated from central Thailand.
Eucalyptus pulp was effectively bleached by the tropical
white rot fungi isolated.
Irie, T., Y. Honda, T. Hirano, T. Sato, H. Enei, T.
Watanabe and M. Kuwahara: Stable transformation of
Pleurotus ostreatus to hygromycin' B resistance using
Lentinus edodes GPD expression signals,Appl. Microbiol.
ABSTRACTS
Biotechnol., 56, 707-709 (2001).
I t was reported that Pleurotus ostreatus was transformed to
hygromycin B resistance with recombinant plasmids
containing a hygromycin B phosphotransferase gene (hph)
under the control of Aspergillus nidulans expression signals
[Lemke PA and Peng M (1995) In The M ycota II Klick
(ed.) Springer-Verlag, Berlin]. The plasmids were
maintained extrachromosomaly and the drug-resistant
phenotype was unstable in the transformants. Here we
report an integrative transformation of Pleurotus ostreatus,
using a recombinant hph gene fused with Lentinus edodes
glyceraldehyde-3-phosphate dehydrogenase promoter and
terminator sequences. The drug resistance was stable
during mitotic and meiotic cell divisions. Multiple
integration of the marker sequence in the chromosome
DNA was demonstrated by Southern hybridization
analysis of the drug resistant transformants. Restriction
enzyme mediated-integration (REMI) was also tried and
gave an 8-fold increase over transformation efficiency
without REM!.
Sato, H., Y. Honda, T. Watanabe and M. Kuwahara:
DNA-mediated transformation of white rot fungus
Ceripoiopsis subvermispora, Proc. 8th International
Conference on Biotechnology in Pulp and Paper· Indistry,
Presymposium on Recent Advances in Lignin Biodegradation and
Biosynthesis, p. 106, 3-4 Jun., Helsinki, Finland (2001).
Ceriporiopsis subvermispora is a white rot basidiomycetous
fungus known for its high selectivity in lignin
biodegradation and has been used in delignification
treatments of plant biomass in industrial processes.
However, the mechanism for the selective ligninnolytic
system is not well-understood yet. We are interested in
developing a DNA-mediated transformation system in C.
subvermispora which makes it possible to do molecular
genetical analysis of the ligninolytic system and molecular
breeding of the fungus using recombinant DNA
techniques.
Among selection markers developed so far for fungi,
dominant drug-resistant markers are more widely
applicable than others depending on a specific metabolic
mutation in the host strain. So as the first step, we
assayed sensitivity of the fungus to fungicides, carboxin
and hygromycin B. It was demonstrated that this fungus
was sensitive to hygromycin B and that protoplasts did not
regenerate on a plate containing 100 pg/ml of the drug
when mannitol was used as an osmotic stabilizer. Then
we tried to introduce several vector constructs containing
Escherichia coli hygromycin phosphotransferase (hph) gene,
using a PEG/CaClz protocol basically developed for
transformation of Pleurotus ostreatus (Honda et al., Curro
Genet., 37, 209-212, 2000). A plasmid, pPHTl which
contains hph under the control of expression signals of
Coprinus cinereus ~-tubulin gene (Cummings et al., Curro
Genet., 36, 371-382, 1999) showed ability to confer drug
resistance upon introduction to C. subvermispora protoplasts.
Although some of the transformants lost the drug
resistance during subcultivation, others showed stable
resistance over 6 months. Southern hybridization
analysis of the stable transformants showed integration of
the marker sequence in the chromosomal DNA with
multiple copy numbers. These results demonstrated that
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C. subvermispora was transformed to hygromycin B
resistance by the introduced DNA sequence. This is the
first report on DNA-mediated transformation of the
fungus.
Nakata, K., H. Sugimoto, M. Inoue and S. Kawai:
Development of compressed wood fasteners for
timber construction, strength properties of drift
pinned timber joints with compressed LVL plate,
Mokuzai Gakkaishi, 47(4), 327-336 (2001).
Moment resisting drift pinned timber joints simulating
beam-column joints were tested, in order to evaluate the
moment resistance of the joints with compressed LVL
plate. These joints were comprised of one or two various
ply compressed LVL plates with about 1/4 crossband
layers and Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco) glulam. The results were as follows:
1) Compressed LVL had superior properties for the
connecting plate, because mechanical properties were high
and anisotropy of those was very small. Both the moment
resistance and the rotational stiffness of the joints with T-
shape plates were lower than those of the joints with
hexagon or rectangle plates. The hexagon plate was
suitable for the connecting plates.
2) Linear stress analyses were conducted of the moment
resisting joint employing glulam and the compressed LVL
plates, based on the anisotropy of the strength and the
deformation of both parts. The calculated values showed
the significant correlation to the experimental values.
3) The required thickness of the compressed LVL plate
was about 1/9 of glulam width, 17 mm. Joint properties
under this condition were 1.1-1.3 times as much as those of
the joint with 9 mm steel plate.
Nakata, K., H. Sugimoto, M. Inoue and S. Kawai:
Development of compressed wood fasteners for
timber construction, strength properties of timber
joints with compressed LVL plate and drift pin,
Mokuzai Gakkaishi, 48(2), 89-97 (2002).
Joints with 17 mm or 34 mm thickness compressed LVL
plate and 12, 16 and 20 mm diameter compressed.LVL pin
(LVL/LVL joint) were tested. The strength properties of
LVL/LVL joint were compared to those of the joint with
17 mm thickness compressed LVL plate and 12 mm
diameter steel pin (LVL/Steeljoint) or the joint with 9 mm
steel plate and 12 mm steel pin (Steel/Steel joint). The
results were as follows:
1) In tension-type lateral strength tests, the lateral
resistance, the slip modulus and the maximum
deformation of LVL/LVL joint increased with increasing
the diameter of the compressed LVL pins. Those of
LVL/LVL joint using 17 mm plate and 20 mm pin were
79, 63 and 28% of those of Steel/Steel joint, respectively.
2) In moment resisting joint tests, the moment
resistance and the rotational stiffness increased with
increasing the diameter of the compressed LVL pins, but
the maximum deformation decreased. Those of
LVL/LVL joint using 17 mm plate and 20 mm pin were
91,112 and 81% of those of Steel/Steel joint, respectively.
3) In bending-type joint tests, the maximum resistance,
the bending stiffness and the maximum deformation of
LVL/LVL joint were 82-112% of those of LVL/Steel joint.
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Using 17 mm plate' and rectangle layout, those were
25-78% of those ofSteel/Steel joint, using 34 mmplate and
ellipse layout, the bending stiffness and the maximum
deformation were 90% and 75%, respectively, but the
maximum resistance was 62%.
Obataya,. E., M. Norimoto and B. Tomita: Mechanical
relaxation process of wood in the low-temperature
range, j. Appl. Poly. Sci., 81, 3338-3347 (2001).
The dynamic viscoelastic properties of untreated and
chemically modified wood specimens were determined in
the temperature range 123 to 293 K and at constant
frequencies. Absolutely dry wood specimens exhibited
one relaxation process labeled y at around 180 K, being
attributed to the motions of· methylol groups in the
amorphous region of the wood constituents. The changes
in they process due to the chemical modifications were
explained by the reduction in original y loss peak due to
the decrease of methylol groups, and an additional
relaxation induced by the other groups introduced. With
moisture adsorption, an additional relaxation labeled f3
was induced at 220-240 K. It appeared only when the
wood . adsorbed moisture irrespective of chemical
modifications, and its characteristics were not affected by
the formaldehyde and PEG treatments involving the
reinarkablechanges in the mobility of amorphous
molecules. .These results suggested. that the dominant
mechanism of f3 relaxation was not the segmental motions
of the main chain, but the motion of the adsorbed water
molecules. The positive activation entropy of the f3
relaxation was interpreted to reflect rearrangement of the
adsorption sites required for the rotation of the adsorbed
water molecules.
Higashihara, T., M. Inoue, T. Morooka and M.
Norimoto: Stress relaxation of glycerin-saturated
wood, Mokuzai Gakkaishi, 47(5), 447~451 (2001) (in
Japanese).
To clarify structural changes in wood cell walls caused
by treatment with glycerin at elevated temperatures, we
measured stress-strain relationships up to 50% defor-
mation and. stress relaxation in radial compression of sugi
wood (Cryptomeriajaponica D. Don) saturated with glycerin
at temperatures of up to 220°C. Yield and maximum
stresses of glycerin-saturated wood were lower than those
of oven-dried wood at a temperature of approximately
180°C. The relationship between residual stress at the
end of the stress relaxation measurement and the recovery
of deformation (strain recovery) in boiling water of
glycerin-saturated wood. could be expressed by a single
curve similar to that obtained by steaming, although
higher stress values were observed in the glycerin
treatment. These findings suggested that glycerin
treatment at high temperatures might cause structural
changes in wood cell walls similar to those. by steaming.
Obataya, E., Y. Furuta, Y. Ohno, M. Norimoto and B.
Tomita: Effcts of aging and moisture on the dynamic
vicoelastic properties of oriental lacquer (urushi) film,
J. Appl. Poly. Sci., 83, 2288-2294 (2002).
The effects. of aging and moisture on the dynamic
viscoelastic properties of three oriental lacquer films were
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investigated. With aging over 1000days at room
temperature, the glass-trandition temperature of the
lacquer films (Ta) shifted to higher temperatures, the
maximum loss tangent (tan oa) decreased, and the storage
modulus at 20°C (E) increased. These changes were
analogous irrespective of lacquers. With increasing
moisture content, E decreased and tan 0 increased at room
temperature. Although the equilibrium moisture content
of the virgin lacquer (sap) film was higher than that of the
clear lacquer film, its E and tan 0 were more stable with an
increase of moisture content. It was speculated that the
polysaccharides aggregated in the sap film did not
effectively contribute to the mechanical properties of the
film, while their hygroscopicity resulted in higher moisture
content.
Watanabe, U., M. Fujita and M. Norimoto: Trans-
verse Young's moduli and cell shapes in coniferous
early wood, Holiforschung, 56(1), 1-6 (2002).
The relationship between transverse Young's moduli
and cell shapes in coniferous early wood was investigated
using cell models constructed by two dimensional.power
spectrum analysis. The calculated values of tangential
Young's modulus qualitatively explained the relationship
between experimental values and density as well as the
difference in experimental values among species. The
calculated values of radial Young's modulus for the species
having hexagonal cells agreed well with the experimental
values, whereas, for the species having square cells, the
calculated values were much lager than the experimental
values. The result was ascribed to the fact that the
bending moment on the radial cell wall of square cell
models was calculated to be small. It is suggested that
the asymmetrical shape of real wood cells or the behavior
of nodes during cell deformation is an important factor in
the mechanism of linear elastic deformation ofwood cells.
Ohmae, K., K. Minato and M. Norimoto : The analysis
of dimensional changes due to chemical treatments
and water soaking for hinoki (Chamaecyparis obtusa)
wood, Holiforschung, 56(1), 98-102 (2002).
To clarify tangential and radial dimensional changes in
hinoki (Chamaecyparis obtusa) wood by. ten kinds of
treatments and successive water soaking, a vector
expression on the tangential-radial coordinates was
proposed and a new measure (ASE') to evaluate the
dimensional stability of wood was defined. The ASE' is
expressed by 100 (l-Vs'/Vu ) where Vu is the volumetric
swelling coefficient of untreated wood and Vs' is that of
treated wood calculated on the basis of its oven-dried
volume before treatment. The results from formaldehyde
treated, heat treated and steam treated wood showed large
positive ASE' values and the ratio of radial swelling to
tangential swelling (swelling anisotropy) of these treated
woods decreased with increasing weight percent gain or
weight loss. The results from. acetylated wood, wood
impregnated with polyethylene glycol and wood treated
with a low molecular weight phenol-formaldehyde resin
showed either small positive or negative ASE' values, and
those of wood treated with propylene oxide showed large
negative values. The swelling anisotropy of treated
woods accompanied by cell wall bulking was larger than
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that of untreated wood. The swelling anisotropy
decreased when the cell lumen was filled with a
hydrophobic resin (WPC-MMA), and increased when the
cell lumen was filled with a hydrophilic resin (WPC-
HEMA).
Kurimoto, Y., K. Kano, M. Norimoto and O. Sawabe:
Performance of carbonized sugi wood and bark for
humidity control, Materials Science Research International,
8 (1), 38-42 (2002).
Sugi (Japanese cedar, Cryptomeriajaponica D. Don) wood
or bark were heated at 500-900°C for 3 h to investigate the
effect of treatment temperature on the surface properties
and the humidity control capacity of carbonized materials.
The specific surface area of micropore (pore
radius=0.64-1.0nm) and mesopore (>l.Onm) were
estimated by the adsorption isotherm of nitrogen gas at 77
K. The humidity control tests were carried out in a
sealed batch system at a temperature range of 15-25°C for
3-24 h cycles. The initial relative humidity (RH) at 20°C
was 65%. The micropore surface area of the carbonized
woods varied depending on the treatment temperature.
These increased significantly from 0 to 441 m 2/g when the
. temperature increased from 500 to 900°C. In contrast,
the mesopore surface area was almost constant regardless
of the treatment temperature, being 39-79 m 2/g. The
maximum performance of humidity control was obtained
with the wood or bark carbonized at 600°C in 3 and 6 h
cycles. The change in RH for 24 h cycle at the sample of
3.0 mg/cm 3 was kept within a range of 3%. In addition,
the ability for 3 to 24 h cycle humidity control was
equivalent to that of2 to 3/5 of a commercial silica gel used
in museums. Carbonized wood and bark prepared at any
temperature did not differ from un-carbonized wood in the
humidity control capacity at 24 h cycle.
Ohgama, T. and M. Norimoto: Humidity control
ability of materials used for interior wall and
humidity conditioning in storage of cultural assets,
Bull. National Musium Japn. History, 97, 7-17 (2002) (in
japanese).
To obtain a guide for humidity maintenance in storage
of cultural assets, the humidity control ability of materials
used for its interior wall and humidity conditioning was
investigated. Six kinds of woods and three kinds of
ceramics used for interior wall materials and silica gel used
for humidity conditioning were examined. Activated
charcoal was also examined to compare with silica gel.
Both changes of relative humidity and temperature in
hermetically sealed steel boxes lined with or contained
these materials were measured when ambient temperature
was periodically changed. The logarithm of relative
humidity could be approximated by a linear function of
temperature. The slope B was adopted as an index to
evaluate the humidity control ability of materials in the
case when humidity change was caused by temperature
change. The relationship between the B value and A/ Vor
W/V (A : the area lined with each interior material, W: the
weight of silica gel or charcoal in the box, V: the box
volume) and the effect of the period of temperature change
on B value were discussed. The results obtained were as
follows: 1) In every interior materials, the B value
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increased rapidly with increasing A/ V, but tend to level off
to O°C -I. 2) The B value was almost in proportion to the
density of wood and ceramics. 3) The ability of humidity
control for ceramics was slightly inferior to that of wood
when compared with the same density. 4) The estimated
quantity of moisture absorbed or desorbed through unit
area of wood and ceramics by unit temperature change
decreased abruptly with increasing A/V, but became about
0.2 g/m2 °C above A/ V= 2 m -I irrespective of materials.
5) The B value of silica gel was larger compared to that of
activated charcoal in small W/V region, but the difference
became small above W/ V= 1 kg/m 3. 6) The B value of
silica gel and activated charcoal was almost independent of
the period of temperature change. This result contrasted
to that of wood and ceramics.
Seoka, Y. and M. Norimoto: Humidity changes and
damage ofJapanese lacquered woodwork, Bull. National
Musium Japn. History, 97, 19-27 (2002) (in japanese).
Permissible humidity variation in the conservation of
japanese lacquered woodwork was examined from both
breaking strains ofjapanese lacquer films and dimensional
changes of wood due to moisture changes. Tensile
breaking strains of virgin, clear and black lacquer films
were 3-4, 3-5.5 and 4.5-6.5%, respectively. Dimensional
changes of wood with various densities due to moisture
changes were calculated using average shrinkage values
reported for 13 kinds of japanese wood species. The
calculated results suggested that no clacks of lacquer film
occur by any remarkable changes of relative humidity.
Actually, no damages such as clack and exfoliation in the
wood specimens coated with japanese lacquer were
observed when they were exposed in a relative humidity
change between 10 and 100% at 20°C. Also, any
perceptible changes in adhesive force were not recognized
in peering tests of the wood specimens exposed in a cyclic
relative humidity change between 30 and 70% at 40°C.
These results showed that a considerable humidity change
could be permitted in the conservation of japanese
lacquered woodworks.
Kawai, Y., Y. Kobayashi and M. Norimoto: Hybrid
drying with HF heating and hot-air under
atmospheric pressure III, Relation between pressure
and water movement in Cryptomeria japonica square
lumber, M okuzai Gakkaishi, 48 (3), 136-144 (2002) (in
japanese) .
Relationships among internal temperature, internal
pressure and water movemen t in sugi (Cryptomeria japonica
D. Don) square lumber during high frequency (HF)
heating under atmospheric pressure were investigated.
The results obtained are as follows: 1) The internal
temperature and pressure reached 140°C and 360kPa,
respectively. Increase in internal temperature occurred,
in order, in the core, the intermediate zones, and the
surface zones of the lumber. Internal pressure gradients
also varied following the changes in the temperature
gradients. 2) Liquid water flowed out of the surfaces and
cross sections above 60°C when internal pressure increased
to 160-200 kPa. 3) While the internal pressure and
temperature at the core were higher than at the
intermediate zone of the lumber initially, pressure
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inversion occurred at the same time as temperature
inversion. Moisture content gradients varied following
the behavior of the internal pressure. 4) The location of
highest temperature and pressure in the lumber moved
with time from the core to the surface zone during HF
heating. From these results, it can be concluded that the
internal pressure is the driving force for water movement in
lumber during HF heating.
Norimoto, M.: Chemical modification of wood, in
"Wood and Cellulose Chemistry" (eds. Hon, D. N.-S. and
N. Shiraishi), Marcel Dekker, New York, p.573-598
(2001). ;
A classification of chemically modified woods was
proposed and the properties of typical modified woods
were analyzed in relation to their structure.
Kajita, H., Y. Imamura, S. Kawai and M. Norimoto:
"Technical terms on wood and wood-based
materials", Taya Shoten, p. 1-355 (2002) (in Japanese).
Morooka, T: Mechanism of permanent fixation of
compressive deformation of wood by both heating and
steaming, a consideration from rheology, Wood Industry,
56(12),. 604-610 (2001) (in Japanese).
Fixing mechanism of compressive deformation of wood
by dry heating and steam heating was discussed in relation
to rheological point of view.
Cheng, W., M. Ohshima, T. Morooka and M.
Norimoto: The stress in wood under. superheated
steam above 100°C" 2001 Proceedings of the Korean
Society of Wood Science and Technology Annual Meeting,
32-35, Soul, Korea (2001).
The shrinkage stresses in both the radial and tangential
directions under superheated steam conditions of 0 to
100% relative humidity above 100°C were measured for
sugi (Cryptomeria japonica D. Don) wood. The maximum.
shrinkage stress decreased with increasing relative
humidity, reaching ca. 2.0 and 2.5 at 80% relative
humidity at 180°C in the radial and tangential directions,
respectively. Because the decomposition of cell wall
polymers of wood at high temperature, we observed the
shrinkage stress not only under superheated condition but
also under saturated condition. Such stress was larger in
the tangential direction than in the radial direction. By
subtracting shrinkage stress due to the decomposition from
the measured shrinkage tress, the shrinkage stress due to
drying was estimated to be below 1 kg/cm3.
Cheng, W., T. Morooka and M. Norimoto: The stress
occurring in wood under high temperature steam,
Proc. of the 7th International IUFRO Wood Drying
Conference, Tsukuba, p.256-26l (2001).
The use of high temperature steam above 100°C seems to
be. an effective way of reducing the shrinkage stress
appearing in the wood drying process. To obtain basic
knowledge for this matter, we developed a testing machine
with a built-in autoclave by which the compression stress
and shrinkage stress could be measured for sugi
(Cryptomeria japonica D. Don) wood under both saturated
and superheated steam at high temperatures up to 180°C.
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Using this machine we measured the shrinkage stress in
both the radial and tangential directions under
superheated conditions of 0 to 100% relative humidity.
The maximum shrinkage stress decreased with increasing
relative humidity, reaching ca. 2.0 and 2.5 at 80% relative
humidity at 180°C in the radial and tangential directions,
respectively. Because the decomposition of cell wall
polymers of wood at high temperature, we observed the
shrinkage stress not only under superheated condition but
also under saturated condition. Such stress was larger in
the tangential direction than in the radial direction. By
subtracting shrinkage stress due to the decomposition from
the measured shrinkage tress, the shrinkage stress due to
dryjng was estimated to be below 1 kg/cm3.
Kawai, Y., Y. Kobayashi, M. Norimoto and O.R.
Pulido: Industrial application of hybrid dry kiln using
HF and hot-air for high-speed and low-cost drying,
Proc. of the 7th International IUFRO Wood Drying
Conference, Tsukuba, p. 368-371 (2001).
A new drying method using a combination of high
frequency (HF) heating and hot-air drying under
atmospheric pressure was applied .to sugi (Cryptomeria
japonica D. Don) thick lumbers. We introduced HF'
heating into a conventional hot-air drying to raise the
internal pressure of the lumbers and push free water from
the center zero to the surface zones of the lumber. The
lumber cores were heated under atmospheric pressure by
HF heating to 101°C during hot-air. (80°C) drying.
InternaL pressure at the center of the lumbers increased
following the rise in temperature. Moisture in the
lumbers moved gradually from the center to the surfaces by
vapor pressures. The moisture gradients underwent
changes during drying such that the moisture content near
the center and in the surface zones were lower than in the
middle zones in the early stages of drying. Finally, the
moisture distribution became flat. The hybrid drying was
tried on sugi square lumbers, drying time and running
costs were reduced to 115 and 1/2 compared to
conventional hot-air drying. The moisture gradients were
uniform after drying. More than 80% of the lumbers
were dried to less than 20% moisture content in short
drying time.
Kawai, Y.,' Y. Kobayashi, M. Norimoto and O.R.
Pulido: Moisture movement in wood caused by HF
heating under atmospheric pressure, Proc. of the 7th
International IUFRO Wood DryingConference, Tsukuba,
p. 372-375 (2001).
We attempted to introduce anew drying method for sugi
square lumber which is a refractory species in drying, that
is a combination of HF heating and hot-air drying under
atmospheric pressure. The square lumbers are heated
rapidly and evenly from its surface zone to the center by
HF heating. During this process high internal pressure
should be generated at the center. This pressure is
expected to drive the water at the center of the lumber to its
surface zone. The water is then removed from the surface
zone by hot air. The relationships between the internal
temperature, internal pressure and moisture content
distribution in wood under HF heating were determined.
HF heating causes rise in the internal pressure in sugi !)olid
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wood. Results showed that this internal pressure is the
driving force of water movement that imprones the drying
of refractory species. The water pathways within the
lumber during HF heating were also investigated.
Ordinarily, water in vapor phase moves towards the
surfaces by diffusion. However, in HF heating, internal
pressure is generated and liquid water is driven not only
parallel to the grain, but also perpendicular to the grain of
the lumber. The ratio of the amount of liquid flow in the
parallel and perpendicular directions ranged from 2 : 3 to
1 : 3.
Kurimoto, K., K. Kana, M. Norimoto and O. Sawabe :
Control of relative humidity by use of carbonized
materials, Proc. of the Korea-Japan Joint Seminar on
Effective Inspection and Maintenance Technologies to
Prevent Biodeterioration of Wooden Cultural Properties,
Pusan, p.98-l07 (2001).
Sugi (Japanese cedar, Cryptomeriajaponica D. Don) wood
or bark were heated at 500-900°C to investigate the effect
of treatment temperature on the surface properties and the
humidity control capacity of carbonized materials. The
specific surface area of micropore (pore radius = 0.64--1.0
nm) and mesopore (> 1.0 nm) were estimated by the
adsorption isotherm of N 2 gas at 77 K. The humidity
control tests were carried out in a sealed batch system at a
temperature range of l5-25°C for 3-24 h cycles. The
initial relative humidity (RH) at 20°C was 65%. The
micropore surface area of the carbonized woods varied
depending on the treatment temperature. These
increased significantly from 0 to 441 m 2/g when the
temperature increased from 500 to 900°C. Whereas, the
mesopore surface area was almost constant regardless of
the treatment temperature, being 39-79 m 2/g. The
maximum performance of humidity control was obtained
with the wood or bark carbonized at 600°C in 3 and 6 h
cycles. The change in RH for 24 h cycle at the sample of
3.0 mg/cm 3 was kept within a range of3%. The ability of
carbonized wood or bark for 3 to 24 h cycle humidity
control was equivalent to that of 1 to 3/5 of a commercial
silica gel used in museums. There were no differences in
the humidity control capacity of the samples with and
without carbonization for 24 h cycle. Carbonized
materials seemed to be more useful in the storage of
cultural properties than untreated wood because of its
stability, non-reactivity and resistance to degradation.
Hermawan, D., T. Hata, W. Nagadomi, Y. Kuroki and
S. Kawai: Manufacturing oil palm fronds cement-
bonded board cured by gaseous or supercritical
carbon dioxide, j. Wood Science, 48, 20-24 (2002).
This study deals with the effects of a curing method
using gaseous and supercritical CO2. Its effects on the
properties of oil palm fronds cement-bonded board
manufactured by the conventional cold-press setting
method were recorded. The effect of MgC12 as an
accelerator of cement setting was also investigated. The
hydration of cement was examined using X-ray
diffractometry, thermal gravimetry, and scanning electron
microscopy. The results are as follows. ( 1) High-
performance cement-bonded boards made from oil palm
fronds were successfully manufactured using the CO2
curing method. (2) The curing method using either
gaseous or supercritical CO 2 resulted in accelerated curing
of cement (within several minutes). Accelerated
formation of the hydration products (e.g., calcium
carbonate and calcium silicate) is the main reason for the
high strength of CO2-cured boards. (3) The CO2 curing
technology does not require setting accelerators, which
cause a decrease in the dimensional stability of cement-
bonded board.
Hermawan, D., S. Kawai and B. Subiyanto:
Manufacture and properties of oil palm frond cement
bonded board, j. Wood Science, 47(3), 208-213 (2001).
The compatibility of oil palm (Elaeis guineensis J acq)
fronds-cement mixtures was tested in the hydration test,
with the addition of magnesium chloride as an accelerator
at different water/cement ratios, and the cement bonded
boards were manufactured using conventional cold
pressing method. The results showed that the addition of
magnesium chloride improved the compatibility of oil
palm fronds with cement and enhanced the ultimate board
strength properties.
Hermawan, D., T. Hata, K. Umemura, S. Kawai, W.
Nagadomi and Y. Kuroki: Rapid production of high-
strength cement-bonded particleboard using gaseous
or supercritical carbon dioxide, j. Wood Science, 47 (4),
294--300 (2001).
This study deals with the effects of curing treatment with
gaseous and supercritical carbon dioxide on the properties
of cement-bonded particleboard (CBP) manufactured by
the conventional cold-pressing method. The hydration of
cement and the mechanism of improvement were
examined using X-ray diffractometry (XRD), thermal
gravimetry (TG-DTG), and scanning electron microscopy
(SEM) observations. The results are as follows: (1) The
curing of cement was accelerated concomitantly with the
improvement in mechanical and dimensional properties of
CBP significantly by curing with gaseous or supercritical
carbon dioxide. (2) Supercritical carbon dioxide curing
imparted boards optimal properties at a faster rate than
did gaseous curing. (3) Accelerated formation of calcium
silicate hydrate and calcium carbonate and the
interlocking of those hydration products on the wood
surface are potentially the main reasons for the superior
strength of carbon dioxide-cured boards.
Han G., K. Umemura, M. Zhang, T. Honda and S.
Kawai: Development of high-performance UF-bonded
reed and wheat straw medium-density fiberboard, j.
Wood Science, 47 (5), 350-355 (2001).
U rea formaldehyde resin-bonded reed and wheat straw
fiber boards were produced from the fibers made under
different steam cooking conditions in refining processes at
densities of 500 and 700 kg/m 3. The effects of steam
cooking conditions on the wettability and weight losses of
the straws and the board properties were examined. The
results indicated that the mechanical properties of straw
MDF were improved with increasing steam cooking
pressure and time during refining process.
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Sakoda, A., K. Mochizuki, I. Abe, Y. Katayama, S.
Kawai, S. Tanada, K. Nakasaki, Y. Nakamura, S. Fujita;
M. Miura and T: Yoshida: Recycling the unutilized
plant biomass for zero-emission processing, ].
Environmental Science, 14(4) 383-390 (2001).
The material flow of wood based materials in Japan was
examined and recycling technologies of unutilized plant
biomass were reviewed.
U memura, K. and S. Kawai: Effect of polyol on
thermo-oxidative degradation of isocyanate resin for
wood adhesives,]. Wood Science, 48(1), 25-31 (2002).
The thermo-oxidative degradation of various polyol-
added isocyanate resins for wood adhesives was studied
using differential scanning calorimetry and thermo
gravimetry. It was found that the reactivity of isocyanate
increased with increasing polyol content. The thermal
stability of the resin was improved to a certain degree by
addition of a small amount of the polyol but deteriorated
when a large amount of the polyol was added.
Kawai, S., Y. Ohmori, G.-P. Han, K. Adachi and T.
Kiyooka: A trial manufacturing high-strength bamboo
fiber composites, Proc. Symp. Utilization ofAgricultural
and Forestry Residues, p.124-l29, Oct. 3 I-Nov. 3,
Nanjirig, China (2001).
Long bamboo fibers were prepared and dipped into an
isocyanate resin. Then oriented bamboofiberboards
were trial-manufactured and the properties were
examined. The results showed the bamboo fiberboards
gave superior strength. and dimensional' properties.
Kawai, S., R. Sugawara, K. Onishi, Y. Okudaira and
M. Zhang: -Development of kenaf oriented fiber-
board--Effects of molecular weight of phenol
formaldehyde resin: on board properties; Proc. Symp.
U tiliz'ation 'of Agricultural and Forestry Residues, p.
12-16, Oct. 31.:...Nov. 3, Nanjing, China (2001).
Effects of molecular weight of phenol formaldehyde resin
on the properties of kenaf oriented bast fiberboard were
examined. It was found that the lower-molecular weight
resin was impregnated into kenaf fibers which improved
the thickness swelling of board, while the higher molecular
weight resin remained on the fiber surface and bonded
them with each other.
Ma, L.-F., S. Kawai, H. Yamauchi, O. Pulido and H.
Sasaki: Production of cement bonded composites,
Effects of cement microspheres on board properties,
Proc; Symp. Utilization of Agricultural and Forestry
Residues, p.350-353, Oct. 3l-Nov. 3, Nanjing, China
(2001 ).
Cement bonded particleboards using cement micro-
spheres were manufactured and the board properties were
examined.
Kawai, S.: New concepts for developing wood
composites in consideration of recycling and disposal,
Report of the 7th Res. Section ofJpn Wood Res. Soc. Vol.
IV, 60-72 (2002).
Concept for Life cycle assessment and zero emission
processes were explained and some examples for those
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studies in the field of wood composites were introduced.
Kawai, S. : The variation of strength properties of
wood composite products and its control measures,
Report of the 7th Res. Section ofJpn Wood Res. Soc. Vol.
II, 42-50 (2002). .
The effects of end joint and lamination were introduced
and the distributions' of the strength of various wood
composites products were discuss'ed.
Kawai, S.: Composite boards from non-wood
lignocellulosic fibers such as agricultural wastes, ].
Adhesion Soc. Jpn., 37(12), 500-503 (2002).
Recent developments for manufacturing technology of
non-wood lignocellulosic fibers were reviewed.
Yano, H., A. Hirose, N. Clark, PJ. Collins and Y.
Yazaki : Effects of high temperature and high pressure
alkaline pretreatments' for. the production of high
strength resin-impregnated compressed' wood;
Mokuzai Gakkaishi, 47(4), 337-343 (2001) (in Japanese).
The possibility of using high temperature and high
pressure alkaline pretreatment to improve mechanical
properties of resin-impregnated compressed wood was
investigated. The Klason lignin analysis and the thermal'
softening behaviour under water-swollen conditions
indicated that the weight losses due to the alkaline
treatment of this study are mainly attributable to the
removal of hemicellulose. The treated veneer was
impregnated with 25-30% by weight of a low molecular
weight phenolic formaldehyde resin, and was parallel-
laminated (nine plies) and compressed at 160°C, 80 MPa
for one hour. No significant difference could be observed
between NaOH-pretreated wood and untreated wood.
On the other hand, the veneer specimens pretreated with
NaOH+NazS solution at 120°C or l35°C,which resulted
in 20% weight loss, exhibited 20% higher Young' modulus
and bending strength than untreated wood. However,
veneer pretreated at higher temperatures, 150 or 170°C,
did not show further improvements in mechanical
properties despite of increased weight losses.
Yano, H., A. Hirose, PJ. Collins and Y. Yazaki: Effects
of the removal of matrix substances as a pretreatment
in the production of high strength resin impregnated
wood based materials,]. Mater; Sci. Lett., 20, 1125-1126
(2001).
The effects of the removal of matrix substances of wood
as a pretreatment in the production of high strength resin
impregnated wood based materials was studied, and it was
found that the removal of matrix substances of wood due to
a combination of a NaClOz treatment and a NaOH
treatment under mild conditions was effective in improving
the mechanical properties of resin impregnated and
compressed wood by 50%.
Yano, H. : Potential strength for resin impregnated
compressed wood, ]. Mater. Sci. Lett., 20, 1127-1129
(2001).
On the basis of previous paper, 'the potential strength of
resin impregnated compressed wood using a combination





velocity, b) removal of lignin and hemicellulose by a
combination of NaCI02 treatment and NaOH treatment
under mild conditions, and c) a low molecular weight
phenolic resin impregnation and compression was studied,
and it was found that the strength of resin impregnated
compressed wood reached 670 MPa. The results were
compared with calculated values using the rule of mixture.
Yano, H. : Production of high strength wood based
materials using resin impregnation and compression,
Wood Res. and Technical Notes, 37, 21-31 (2001) (in
Japanese).
The unique microstructure of wood has many
anatomical features, which provide both high toughness
and strength of wood. Considering its outstanding
microstructure and the fact that Young's modulus of
microfibril, a cellulose crystal and the framewark of the cell
wall, reaches 140 to 150 G Pa, it is believed that wood has
the possibility to be the basis for high strength materials.
For this reason, we are studying the production of high
strength wood based materials using a low molecular
weight phenolic resin impregnation followed by heat
curing under compression. In this article, a combination
of a) selection of raw materials based on their sound
velocity, b) removal of lignin and hemicellulose by a
combination of NaCI02 treatment and NaOH treatment
under mild conditions, and c) a low molecular weight
phenolic resin impregnation and compression to produce
high strength wood based materials was discussed.
Masuda, K., H. Yano and S. Kawai: Moulded
products from Radiata pine bark, Wood Res., 88, 52-53
(2001 ).
The possibility of the direct conversion of Radiata pine
bark into moulded products was studied. The MOE and
MOR of the moulded products compressed at 190°C
reached around 7 GPa and 40 to 50 MPa, respectively,
regardless of element sizes. With increases of pressing
temperature from 190°C to 210°C, the mechanical
properties· decreased by 10 to 20%. On the other hand,
the reduction in MOE and MOR due to the soaking in cold.
water were lower in the samples compressed at 210°C at
any element size, and consequently after soaking in cold
water the samples compressed at 210°C showed higher or
same mechanical properties of the compressed at 190°C.
Subyakto, T. Hata, I. Ide and S. Kawai: Fire-resistant
performance of a laminated veneer lumber joint with
metal plate connectors protected with graphite
phenolic sphere sheeting, J Wood Sci., 47, 199-207
(2001).
Creep under fire of laminated veneer lumber (LVL)
joined with metal connectors was studied. The fire-
resistant performance of LVL butt joints connected with
metal plates protected with graphite phenolic sphere
(GPS) sheeting was discussed. The G PS sheeting was
overlaid on the joint in different sizes and locations. The
joint was exposed to a burner with a top flame temperature
of 800°C and loaded with a load of 200N to test for creep
under fire. The results showed that the fire-resistant
performance of the joint was markedly improved by the
sheeting. The size and location of the GPS sheet
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significan tly affected the time to rupture of the specimen,
which was six times longer than that without GPS.
Temperature measurements at the joint showed that the
GPS sheeting distributed the heat along the surface and
delayed failure. Thermographic images and analyses
clarified the improvement in fire-resistant properties due to
GPS.
Ishimaru, K., T. Vystavel, P. Bronsveld,
Imamura and J.D. Hosson: Diamond
structure observed in wood charcoal, j.
47 (4), 414-416 (2001).
There are various allotropic nanophases of carbon, such
as graphite, onion-like structures, nanotubes and
fullerenes. Most of them are formed from amorphous
carbon under hydrothermal conditions. Onion-like
structures have aroused interest owing to their ability to
transform to diamond under beam radiation. For device
applications, the hydrogenation of diamond-like carbon
films is frequently analyzed by electron energy loss
spectroscopy (EELS). It is clear that various nano-
structured carbons, such as diamond and nano-cells, can
rather easily be formed from nongraphitizable carbon
under hydrothermal conditions. This paper reports on
the microstructure in wood charcoal carbonized at 700°C
as studied in detail by electron microscopy.
Hata, T., D. Meier, T. Kajimoto and Y. Imamura:
Behaviour of CCA-treated wood during pyrolysis, 1st
World Conference for Energy and Industry, Seville, Spain, 5-9
June 2000,1118-1121 (2001).
Disposal of woods treated with chromium-copper-
arsenate (CCA) preservatives has become a serious
problem in the world. Environmentally benign disposal
technologies have to be developed. The release of volatile
compounds during pyrolysis of wood was studied in this
experiment in order to investigate the effect of the
temperature to decrease the release of arsenic from the
samples. Powder was prepared from GCA treated wood
and was pyrolyzed linearly from room temperature up to
600°C. Volatiles were cooled by liquid nitrogen and
arsenic was collected in the emitted gas. The yields of
solid, liquid and gaseous products were measured. The
concentration of arsenic was analyzed by AAS and ICP.
The yield of oil increased while that of charcoal decreased
with the rise of pyrolysis temperature. There was not so
much difference in the arsenic quantity at the target
temperature between 400°C and 500°C. A temperature of
600°C is too high for the glassware reactor. At lower
temperatures, most of the arsenic was kept in charcoal. It
was found that by careful selection of pyrolysis condition
arsenic could be accumulated in low-yield charcoal.
Ishimaru, K., T. Vystavel, P. Bronsveld, T. Hata, Y.
Imamura andJ. Hosson: Formation of the nano carbon
structure of wood charcoal during the carbonization
process, Proceedings of the 7th International Symposium on
Advanced Physical Fields, Fabrication and Characterization
of Nano-structures Materials (Tsukuba, Japan, November
12-15 (2001).
The microstructure and characteristic functions of
carbonaceous materials are closely related, but few studies
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have been conducted on the formation of the
microstructure of wood charcoal during carbonization.
Japanese cedar wood carbonized at 700°C was investigated
in detail by transmission electron microscope (TEM),
high-resolution TEM and high-resolution scanning
electron microscope (SEM). As a result of these
observations, various nano carbon structures of pyrolytic
graphite layers, onion-l,ike particles and nano-diamond,
were observed in the wood charcoal.
Hata, T.: Nano science and technology of wood
charcoal, APAST, 43, 10-14 (2002) (in Japanese).
The· nano science and technology of wood charcoal are
plainly explained.
Hata, T., D. Meier, T. Kajimoto, H. Kikuchi and
Y. Imamura: Fate of arsenic after fast pyrolysis
of chromium-copper-arsenate (CCA) (Ed. A.V.
Bridgwater: Treated Wood Progress in Thermochemical
Biomass Conversion Volume 2) Blackwell Science,
1396-1404 (2001) .
The purpose of this study is to find pyrolysis conditions
for chromium-copper-arsenate (CCA) treated wood in
order to maximize the retention ofarsenic in wood charcoal
along with a high oil yield. An experimental facility was
built to examine the influence of process parameters such
as pyrolysis temperature and total pyrolysis time. Milled
powder was prepared from CCA treated wood. The
powder was pyrolized on top of the fluidized bed at
temperatures between 300 to 500°C and during total
pyrolysis times of 80 to 3600s. The concentration of
arsenic in each product was measured by AAS and ICP
and complete yield balance were established. The yield of
gas as low temperature increases drastically at longer
pyrolysis time. At higher temperatures, more arsenic was
volatized. When one type of chemical is used for catching
arsenic compounds, there exist optimum pyrolysis
conditions for the maximum removal of As. The
concentration of arsenic in wood charcoal increases
linearly and reaches a plateau level as 400°C. The
concentration of arsenic in pyrolysis oil drastically
increases with low temperatures and longer pyrolysis
times. The optimum condition in this study for the
pyrolysis temperature and total pyrolysis time is 450°C and
80s. There will be good possibility to apply fast pyrolysis
techniques for the treatment of CCA treated wood because
of the minimum secondary reaction and maximum mass
reduction.
Hata, T. and Y. Imamura: Recycling utilization of
preservative-treated-wood and its pyrOlysis for bio
energy, Mokuzai-hozon (Wood Preservation), 28(2), 48-55
(2002) (in Japanese).
Recycling or reuse of waste wood is an important issue
from the viewpoint of the effective utilization of natural
resources. Fast pyrolysis for potential recycling
technology of waste chromium,;,copper-arsenate (CCA)-
treated wood is plainly explained.
Hata, T., Y. Imamura and D. Meier: Fast pyrOlysis
for potential recycling technology of waste
chromium-copper-arsenate (CCA)-treated wood (Ed.
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Imamura, Y.: High-performance utilization of wood for
outdoor uses), Press-Net, p. 189-200 (2001).
Although the chromium-copper-arsenate (CCA) pre-
servative was taken over by non-CCA type chemicals
recently, CCA was used to be a representative water-born
wood preservative, and has been widely used in the world.
CCA-treated wood discharged as wastes from demolished
houses are increasing because of rebuilding large number
of old houses, which had been constructed at the housing
construction boom in Japan. Recycling or reuse ofwaste
wood is an important issue from the viewpoint of the
effective utilization of natural resources. In reality, most
of them are incinerated due to the lack of labour force and
systematic approach to demolishing of the residential
houses. Environmentally benign disposal technologies
have to be 'developed. Fast pyrolysis, is one of the
promising technologies for recycling waste CCA wood.
Pre-experimental results on the release of volatile
compounds during pyrolysis of wood was studied in order
to investigate the effect of temperature on the release of
arsenic from samples. The yield of oil increased while
that of charcoal decreased with the rise of pyrolysis
temperature. There was not so much difference in the
arsenic quantity at the target temperature between 400°C
and 500°C. It was found that by careful selection of
pyrolysis conditions arsenic could be accumulated in low-
yield charcoal.
Imamura, Y. : Wood species of cultural properties in
Japan and their fundamental durability, Proceedings of
the Korea-Japan Joint Seminar on Effective Inspection and
Maintenance Technology to Prevent Biodegradation of Wooden
Cultural Properties, Pusan, Korea, Oct. 16-18, 14-21 (2001).
The species of wood excavated from archeological relics
in Japan are described classifying into usage categories.
The fundamental durabilities of woods used to ,cultural
properties are also estimated accordingt6 their evaluation
system.
Imamura, Y.: Properties enhancement of wood by
functional treatment, Kenchiku-Bosai (Disaster Prevention of
Construction), 2001 No.7, 23-28 (2001) (in Japanese).
Practical methods to provide wood with fire-proofing,
dimensional stabilization, biological protection and·
weathering resistance by chemical and pp.ysical treatments
were outlined. The enhancement methods of the
chemical impregnation into wood were also discussed.
Imamura, Y. : Detection of degradation in wood and
wooden constructions, Kankyo-Kanri (Environmental
Control), 19, 177-186 (2001) (in Japanese).
The methods to detect the degradation of in wood and
wooden constructions were reviewed. Non-destructive
detection of the termite activities by monitoring of acoustic
emission was also explained in detail.
Kang, Ae K., Y. Imamura and S.]. Park: Dimensional
stabilization of waterlogged wood by PEG and sugar,
Proceedings of the Korea-Japan Joint Seminar on Effective
Inspection and Maintenance Technology to Prevent Biodegradation
of Wooden Cultural Properties, Pusan, Korea, Oct. 16-18,
70-73 (2001).
ABSTRACTS
For evaluation of the appropriate treatment time and the
chemical concentrations, the weight and dimensional
changes of waterlogged oak wood were examined while
treating with PEG, sugar and sugar alcohol plus PEG or
sugar. It was suggested that a longer treatment period
and a higher concentration of the final solutions was
required for PEG than sugar. Sucrose could be used at
high initial concentrations, however, PEG should be
applied at low concentrations for the initial stages and then
gradually increased to high concentrations to provide high
dimensional stabilization. A two-step treatment by
mannitol and PEG or sugar provided the waterlogged
wood with the relatively high dimensional stabilities by
using the lower concentrated solution than the simple
chemical method as the final solution.
Iida, I., S. Yusuf, U. Watanabe and Y. Imamura:
Liquid penetration of precompressed wood VII:
combined treatment of precompression and
extraction in hot water on the liquid penetration of
wood, j. Wood Sci., 48, 81-85 (2002).
The object of this study was to determine the cause of
differences in the improvement in liquid penetration of
precompressed wood species. The maximum amount of
water uptake by the capillary rise method and changes in
the aspirated pits seen with scanning electron microscopy
before and after of preextraction and precompression were
investigated using heartwood samples of four softwoods.
The height of penetration and the weight by the capillary
rise method for preextractive wood powders are discussed.
Three wood species and Larix leptolepis showed marked
increases in the amount of solution uptake after
precompression treatment only. Larix leptolepis wood
required compression after extraction by boiling in water.
These differences among wood species were caused by the
accumulation of extractive material. It was also
recognized that the accumulative material in Larix wood
has plasticity and that in Pseudotsuga is brittle. Based on
these results it was found that it is difficult to destroy
aspirated pits in the former and easy in the latter. On the
other hand, the difference in penetration of each wood
species was caused by the quantity and quality of the
extraction material in addition to the extent of the
wettability of the surface of the cell cavity as well as
aspirated pit.
Yusuf, S., I. Iida, Y. Imamura and Sudijono:
Improving of liquid impregnation into tropical
hardwood by precompression treatment, Transaction of
the 45th Meeting ofMaterial Research Union in Japanese Academic
Council, 198-199 (2001) (in japanese).
When precompression treatment was applied to
refractory tropical hardwoods, the penetration of liquid
into the heartwood of Nangka, Sengon, rubber wood and
Puspa was markedly enhanced. However, a small
improving of liquid impregnation was attained for
Mahogany and Durian regardless of a large deformation,
and the compression treatment was difficult for Kiguru.
Tsunoda, K.: Preservative properties of vapor-
boron treated wood and wood-based composites, J.
Wood Sci., 47, 149-153 (2001).
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The trea tab iIi ty of wood (sapwood of Cryptomeria japonica
D. Don) and wood-based composites (particleboard,
waferboard, medium-density fiberboard, and plywood)
with vapor-boron was good, and the treated materials
proved to be resistant to decay fungi and subterranean
termites in laboratory bioassays. No difference in
effectiveness was noted between vapor-boron and liquid-
boron treatment of wood. Toxic threshold values
determined for solid wood were 0-0.24%,0.26-0.51 %, and
0.26% to 0.51% BAE (Boric acid equivalent), respectively
against the white-rot fungus Trametes versicolor (L.: Fr.)
Pilat, the brown-rot fungus Fomitopsis palustris (Berk. et
,Curt.) Gilbn. & Ryv., and the subterranean termite
Coptotermes formosanus Shiraki. A concentration of less
than 1% BAE seemed sufficient to control biological
attacks on composites, although the toxic limits could not
be determined more accurately because of the tested range
of boron retention. High boron retention was needed to
meet the performance requirements for slow-burning
materials when a fire-retardant agent was not incorporated
in to the glue line.
Tsunoda, K., j.K. Grace, T. Byrne and P.1. Morri's:
Effectiveness of disodium octaborate tetrahydrate
(Tim-Bor®) in controlling subterranean termite attack
and decay of house sill plates, Mokuzai Gakkaishi, 48,
107-114 (2002) (in japanese with English abstract).
This study determined the field performance of
simulated house sill plates (dodai) subjected to termite
attack and decay. Hem-fir sill plates were pressure-
treated to two levels of retention of disodium octaborate
tetrahydrate (Tim-Bor®) targeted at 2% (w/w) and 3%
(w/w) boric acid equivalent, applying both shell- and
through-treatment. These were installed in a protected
above-ground field test in Kagoshima, japan, simulating
the house sill plate used in conventional japanese housing
construction. Chromated copper arsenate treated hem-fir
was used as the reference material, and locally used hinoki
(Chamaecyparis obtusa Endl.) sill plates were also installed in
the test. The test site supports active subterranean
termites, Coptotermes formosanus Shiraki and Reticulitermes
speratus (Kolbe). Samples were inspected annually and
rated for both termite and decay damage.
After 5 years untreated hem-fir controls and hinoki were
most heavily attacked by termites and incipient decay signs
were noticed on some untreated controls, while
exceptionally only two samples of the treated materials
sustained traces of termite attack. All preservatives of the
current study, therefore, protected the sill plates. Based
on comparisons with end-matched samples installed in a
test site in Hawaii, where attack of controls appears to be
up to 10 times faster, the data suggest these treatments
would provide long-term protection of sill plates from
termite and decay attack.
Byrne, T., D.R. Minchin, P.1. Morris and K. Tsunoda:
Borate loss from sill plates exposed to damp concrete,
condensation or flooding, Mokuzai Gakkaishi, 48,
115-121 (2002) (in japanese with English abstract).
Although in service sill plates (dodai) are protected from
rain by cladding and are not in direct soil contact, it has
been suggested that an unfixed preservative will diffuse
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into the damp concrete foundation;or that condensation or
flooding will remove the treatment. A test was therefore
designed to investigate borate loss from treated sill plates
under these conditions. This experiment placed sill plates
on wet concrete sills under conditions of high
humidity/condensation, with and without a sill gasket, and
with and without water spray or monthly flooding.
Following completion of the six-month test, the moisture
content, preservative- penetration, and preservative
retention of the test samples were determined.
The test with just high humidity and condensation
resulted in moisture contents comparable to the wettest sill
plates observed by Japanese scientists in older Japanese
houses. Negligible borate leaching occurred from DOT
(disodium octaborate tetrahydrate)-treated sill plates
expo~ed under these conditions'.
Significant borate loss occurred only when DOT treated
sill plates were washed with large amounts ofliquid water,
either by spraying or flooding. Since modern house
construction has dramatically reduced crawlspace
humidity, wetting to this extent would not occur during
modern house construction and service.
This work showed leaching of DOT is very unlikely' to
occur from sill plates in modern Japanese houses.
Unfixed preservatives, such as DOT, might therefore be
reconsider'ed for protected uses in Japan.
Tsunoda, K., A. Adachi, T. Byrne, P.I. MorrisandJ.K.
Grace: Performance of borate-treated sill plates
(dodili) in a protected, above-ground field test in
Japan, The Int. Res. Group on Wood preserv. Documents, No.
IRG/WP 02-30278 (2002).
-This document is supplemental to the previous -IRG
document (IRG/WP 2000-30239):
An experiment to simulate the dodai (sill plate) of the
Japanese houses was conducted at the termite field test site
of the Wood Research Institute in Kagoshima, Japan
where two economically important subterranean termite
species [Coptotermes formosanus Shiraki and R'eticulitermes
speratus ' (Kolbe)] - are established. DOT (disodium
octaborate tetrahydrate)-treated hem-fir samples [Tsuga
heterophylld (Raf.) Sarg.and Abiesamabilis (Dougl.) Forbes]-
105 X 105 X 400 mm in size were placed on concrete blocks
19 -cm the above ground surface. The test samples were
prepared from sound wood samples pressure treated to'
supply 10' replicates of shell-treated materials at target
levels of 2% BAE and 3% BAE. The subsequent
diffusion storage produced another set of through-treated
samples at the same target levels. Feeder stakes within
the block hollows extended into the soil to facilitate the
access of the termites to the wood samples. The
assembled sets were covered with plastic boxes to protect
the samples from the weather. -Samples were annually
inspected for termite attack and decay and visually rated
according to AWPA standards since installation on
December 21, 1995. After 6 years' exposure, one or two
samples from each group of borate treatments (2% BAE
shell, 3% BAE shell, 2% BAE through and 3% BAE
through treatments) were very slightly attacked by C.
formosanus, though these treatments were free from termite
attack for the first 5 years. Over the same period, slight
termite attack was observed on the samples of 2% BAE
plusDDAC (didecy1dimethylammonium chloride) and
CCA 4.0 kg/m3 treatments, the latter included as a
reference preservative. Untreated hem-fir and hinoki
(Chamaecyparis obtusa Endl.) controls showed progressive
termite attack starting in the first year - and were
moderately to heavily attacked after' 6 years' exposure.
Incipient decay was first found on 7 untreated hem-fir and
sapwood portion of two untreated- hinokiduring the 5th
year of exposure. Decay on the untreated controls
progressed in the 6th year as expected.
Yoshimura,T.: Termite researches in IRG32, Shiroari
(Termite), No. 125, 26-32 (2001) (in Japanese).
The 32nd Annual Conference of the International
Research Group on Wood Preservation was held at Nara in
20-25 May, 2001. Total 18 papers on termites were
presented out of ca. 140 papers in oral and poster sessions.
The trends in termite researches in the conference were a)
re-evaluation of natural termite-resistance of timbers, and
b) natural anti-termite chemicals.
Yoshimura, T. : Non-chemical controlling strategies
of termites, Housing Tribune, No. 14, Vol. 204, 39-41
(2001) (in Japanese).
Newly developed non-chemical termite controlling
strategies in Japan were reviewed 'with special references
on the changes of housing construction methods.
Physical barriers with stainless meshes and gravels, and
anti,;,termite posting materials have been developed
recently. Termiticidal performance of entomopathogenic
fung is now under evaluation in the practical situation.
The acoustic emission (AE) monitoring can be applicable
as an early detection technique of termite infestation in
houses.
Yoshimura, T.: Termite controlling strategies in
Japan with special references to wooden cultural
properties, Proceedings of the Korea-JaPan Joint Seminar on
Effective Inspection and Maintenance Technologies to Prevent
Biodeterioration of Wooden Cultural Properties, Pusan, Korea,
Oct. 16-18, 14-24 (2001).
Two subterranean termites, Coptotermes formosanus
Shiraki and Reticulitermes speratus (Kolbe), are major pests
for wooden constructions in Japan. Various traditional
strategies for preventing termite invasion into houses had
been developed in the southern parts of Japan before
scientific researches had started in 1890's. Although
these pest termites have been controlled by the application
of insecticidal chemicals so far, strategies with less- or non-
use of chemicals are now strongly investigated in many
countries. "Baiting", physical barriers -and biological
control are the most promising alternatives. Termite
attacks against wooden cultural properties may not he the
economically major problem, but specified procedures
such as fumigation and pin-point treatment with early
detection techniques are needed - to control them.-
Combination of conventional chemical treatments
including fumigation and alternative environmentally-
sound strategies can only have a great success in
controlling termite attacks against wooden cultural
properties in the future.
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Yoshimura, T. : An introduction to the Round-table
discussion "Termite control with natural products"
in the 13th Annual Conference of the Japanese Society
of Environmental Entomology and Zoology, Moku;:,ai-
ho;:,on (Wood Preservation), 28(1), 31-35 (2002).
The Round-table discussion "Termite control with
natural products" was held at 17th Nov. 2001 as a special
session in the 13th Annual Conference of the japanese
Society of Environmental Entomology and Zoology. Four
speakers presented the papers on a) anti-termite wood
extractives and termite behavior, b) Development of
commercial termiticides with natural wood extractives (2
speakers), and c) Chemical nature and their biological
activities of wood vinegars. As a conclusion, Integrated
Termite Control (ITC) may only be completed by the
combination of authentic synthetic chemicals and natural
products in harmony with the environment.
Yoshimura, T. and T. Higuchi: Fungus-baits for
controlling Japanese subterranean termites, Proceedings
of the 4th Asia Pacific Conference of Entomology, Penang,
Malaysia, Aug. 14-17, 42 (2001).
Biological control of termites with fungi has been studied
during the last couple of decades in many countries. We
have found that Beauveria brongniartii (Saccardo) Petch,
which had been already commercialized as a biological
pesticide against longhorn-beetles in japan, effectively
killed termites in laboratory tests. One minute's exposure
of workers of C. formosanus and R. speratus to the fungus-
grown sheet resulted in the complete death of the
individuals within 2 weeks. The results of contagiousness
tests indicated that approximately 10% of individuals were
needed for exposing to the fungus to kill the all insects.
Baiting methods are becoming popular strategies for
controlling subterranean termites these days. We, thus,
have developed the fungus-bait with B. brongniartii. The
bait consists of a piece of fungus-grown sheets covered by
cardboards and a plastic casing with a lid (30 mm in
diameter and 120 mm in height). A tub test with the bait
and 500 workers of C. formosanus was conducted as a semi-
large scale experiment, and all workers were died by fungal
infestation within 1 week in all replications. On the other
hand, the results with R. speratus varied very much, might
be caused by the ecological characteristics of the species.
Following these results, we have just started the field trials
in the Uji Campus of Kyoto University for R. speratus and
in Kagoshima Prefecture for C. formosanus. The results
indicate the possibility of the fungus-bait with B.
brongniartii as an alternative method for controlling
japanese economically important subterranean termites.
Kawamura, S., T. Yoshimura and K. Tsunoda: Effects
of physiological stresses on respiration rates and
methane emission rates by the termite, Coptotermes
formosanus Shiraki, Wood Res., No. 88, 54-55 (2001).
Respirations rates, methane emission rates and the
protozoan fauna were observed when matured workers of
Coptotermes formosanus Siraki taken from a laboratory colony
were cultivated for max. 42 days with food materials:
sapwood meals ofakamatsu (Pinus densijlora Sieb. et Zucc.),
fibrous cellulose powder and fibrous cellulose powder with
0.5% uric acid. One minute's contact of workers of C.
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formosanus with a commercial sheet formulation of a
entomopathogenic fungus, Beauveria brongniartii (Saccardo)
Petch was conducted for the fungus infestation by an
objective microscope. From the result, it is assumed that
the most important factor affecting physiological activities
of workers of C. formosanus is the transfer from the nest
itself. This is well supported by a phenomenon called
"social facilitation" meaning that social interactions may
enhance termite activity to overcome physiological
stresses. The effects occur immediately after the transfer,
probably within 24 hours or less.
Yanase, Y., Y. Fujii, S. Okumura, T. Yoshimura and Y.
Imamura: Detection of termite attack of Incisitermes
minor (Hagen) using AE monitoring, lPn. j. Environ.
Entomol. Zool., 12(2), 53-67 (2001) (in japanese with
English a bs tract) .
Acoustic emission (AE) monitoring of termite attack on
wood was applied for dry-wood termites Incisitermes minor
(Hagen) in a laboratory and a wooden house. In the
laboratory testing, four AE transducers with a resonant
frequency of 150 kHz were mounted on the side surface ofa
wood specimen of 55 mm in square and 600 mm long at
regular intervals of 150 mm. After AE measurement, the
wood specimen was cut into 4 pieces, and the numbers of
termites generated the largest number of AEs among 4
pieces were counted. The wood piece inhabited the most
by termites generated the largest number of AEs among
four pieces. In another test, AE generation from wood
specimen inoculated with termites was continuously
measured with 4 AE transducers for 132 day. In the
beginning, the AE events was the highest at an AE
transducer mounted near the inoculated hole, but the AE
events of each transducer changed with the time, probably
due to the movement of the termite attacking area
progressed. In AE monitoring for a wooden house
attacked by termites, significant number of more than 10
per 3 min of AEs generated by termite attacks were
detected from the columns, joists, window flamesm rain
doors, and doors. By boring and disassembling near the
AE detection points apart, termites were found and the
positions where significant number of AEs was detected
almost corresponded to the positions where termites were
attacking. No AE of significant number was detected
about I month after the treatment of AE detection areas by
termiticides.
Mori, M., T. Yoshimura and Y. Takematsu: Termite
inhabitation in the North Hokkaido, Shiroari (Termite),
No. 127, 12-19 (2002) (in japanese).
New records of termite inhabitation in the North
Hokkaido were reported. At the first case at Asahikawa
City, 30 km north from Kami-sunagawa Town where the
most north record of termite inhabitation in japan so far,
in june 2000, workers, soldiers and winged adults of
Reticulitermes speratus (Kolbe) were collected. At the
second case at Asahikawa City in june 2001, termite
damages in a wooden house was observed. In August
2001, the infestation of R. speratus speratus was found in
Nayoro City, 70 km north from Asahikawa City. From
these observations, the north end of termite inhabitation in
japan progressed 100 km. The most important factor
WOOD RESEARCH No. 89 (2002)
affecting termite inhabitation is temperature in winter.
The snow falls in Asahikawa and Nayoro Cities might
result in keeping the soil temperature relatively high, and
make possible for over-wintering. The development of
highly" insulated houses in Hokkaido may also coiltribute
the termite inhabitation.
Komatsu, K., A. Nitta, S., Kawahara, A., Kitamori, Y.,
Noda"and S., Aicher: Moment-resisting performance of
glulam beam-to-column joints composed of various
types of large finger joints, Joints in Timber Structures,
Proceedings of the International RILEM Symposium, p.
521-530, Stuttgart, Germany, 12 to 14 September, (2001).
We tried to make the conventional LFJ joint ductile by
adding 'through bolts'in LFJ portion for expecting not
only fail safe function but also applying pressure for gluing
process. Two different types of LFJ configurations were
tested: One was the 'direct type' LFJ in which no
intermediate member existed between two main members,
while the second one was 'insert type' LFJ in which
intermediate member existed between two main members.
For both configurations, both reinforced type and non-
reinforced type were tested for comparing the rein-
forcement efficiency. Test results showed that rein-
forcement efficiency was only recognized in the 'direct
type' LFJ about 20% for the ultimate moment-resisting
capacity." This result,however, was not satisfactory thus
further research should be added .to obtain larger
reinforcement efficiency.
Harada, M., T. Hayashi, M. Karube, A. Iida and K.
Komatsu: Static loading" tests of glued laminated
timber joints with drift pins-The effect of MOE on
anisotropy of mechanical property-, Joints in Timber
Structures, Proceedings of the International RILEM
Symposium, p.153-161, Stuttgart, Germany, 12 to 14
September (2001).
To investigate the effect of modulus of elasticity (MOE)
of glued laminated timbers (GLTs) on the mechanical
properties of drift pin joints, we conducted static loading
tests of the joints using G LTs. Species used for specimens
with 5.9 GPa MOE was Japanese cedar and for the other
specimens with 7 to 11.8 GPa MOEs was Japanese larch.
Two kinds of loading tests were carried out; "Parallel
type" in which tensile load was applied parallel to' the
grain, and "Perpendicular type" in which bending load
was applied perpendicular to grain. We investigated
"five percent· offset stress" specified in ASTM-D5764,
"initial stiffness" calculated by the ratio of a embedment
stress to a unit embedment deformation, and "degree of
anisotropy" defined as the ratio of the offset value(or the
stiffness) of "Parallel type" to that of "Perpendicular type".
Positive correlation between the offset stress and MOE was
observed in "Parallel type", but not in "Perpendicular
type". Standard deviation of the offset stress and initial
stiffness in "Parallel type" were higher than "Per-
pendicular type".' The existence of adhesive layers
slightly increased the average of the offset stress and initial
stiffness. Degree of anisotropy showed the increasing
tendency with increasing of MOE.
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Komatsu, K.: Structural components (Shear walls)
in wooden strcutures, in "Wood Science Series V01.9
Timber Structures" ed. byT. Arima, T. Takahashi and M.
Masuda, Kaiseisya, Otsu, 149-168 (2001) (in Japanese).
Nitta, A. and K. Komatsu: Moment-resisting per-
formance of glulam beam-to-column joints composed
of various types of large finger joints, Wood Research,
No. 88, pp.56-57- (2001).
In this study, we tested four different types of glulam
"corner joint specimens composed of LFJ technique for
estimating their moment carrying capacity. Results and
findings are summarized as follows: 1)Glulam corner
joints composed of LFJ technique showed brittle failure
mode especially when they failed by subjected to open-
mode moment. 2) They showed, however, nonlinear
load-deformation relationship before failure in some extent
especially when they failed by subjected to close-mode
moment. 3) Bolt reinforcement was effective for the
'Direct Type' LFJ corner joint about 25% for the open-
mode moment, while for the 'Insert Type' LFJ there was
no efficiency for the moment carrying capacity by adding
through bolt. 4) Design equations for predicting
maximum moment capacity of LFJ corner joint gave good
predictions for both open-mode and close-mode· moment.
5) Further researches should be continued to derive a
precise design equation for predicting performance of
reinforced LFJ corner joints.
Morita, T., T. Hayashi, K. Komatsu and Y. lijima:
Proof-loading tests for finger-jointed laminae I.
Investigation of proof-loading tests during glue
curing, Mokuzai Gakkaishi, 47(6), 508-514 (2001).
Suitable conditions for proof-loading finger-jointed
laminae during glue curing were investigated. The tensile
strength of finger-jointed laminae was examined after
conditioning at 20°C and 65%RH for 2,6, 24, 48, 168, and
336 hrs after jointing. The laminae were E-rated lumber
of sugi (Cryptomeria japonica D. Don) and spruce (Picea abies
Karst.). The tensile strength of the finger joints increased
with conditioning time. After conditioning for 24 h, the
finger joints attained approximately 75% of their final
strength. 5th percentile values at this time exceeded the
proof-loading level of the Japanese Agricultural Standards
(JAS). When the JAS proof-loading test was conducted
on specimens conditioned for 24h, their final strength
exceeded the recommended level. Therefore, the proof-
loading test on finger-jointed laminae can be conducted at
75% of final strength without loss of strength reliability.
If a high conditioning temperature or radio-frequency
heating is used, finger-jointed laminae having high
strength reliability can be manufactured with shorter
curing time and high productivity.
Sasaki, T., A. Koizumi, J. Jensen, Y. Iijima and K.
Komatsu: End joints with glued-in hardwood dowels
in timber construction II. Bending properties of
beams jointed with multiple rows of dowels, Mokuzai
Gakkaishi, 48(1), 23--,-31 (2002).
The use of glued-in hardwood dowels in moment-
resisting beam joints was considered. This paper
discusses the development of theoretical expressions to
ABSTRACTS
calculate bending strength and stiffness, and presents
results of bending tests of glulam beams jointed with
multiple rows of glued-in hardwood dowels. The moment
capacity and rotational stiffness of the joint was calculated
using two theories, both of which are based on the pull-out
behavior of single dowels. One theory considers the pull-
out behavior of individual dowels. The other theory is
based on the assumption that the dowel group, consisting
of multiple rows of dowels, functions as one large dowel,
which makes it very easy to derive simple expressions for
moment capacity and rotational stiffness. Glulam beams
of various cross-sections of sugi (Cryptomeria japonica) were
end-jointed various rows of hard maple (Acer saccharum)
dowels of8 or 12 mm diameter and polyurethane adhesive.
The beams were tested in a four-point bending test set-up
in which the joints were subjected to a pure moment.
Experimental and calculated values of the moment
capacity and the deflection for the beams were compared.
The calculated moment capacity based on the two
theories agreed well with the experimental values
regardless of the dowel diameter or the depth of the glulam
members. It is possible to obtain a moment capacity of
the joint that is close to the capacity of the beam itself.
The theoretical deflection at mid-span considering
additional deflection caused by the pull-out displacement
of dowels also agreed well with the experimental results.
The test results show that bending stiffness and strength of
moment-resisting beams joint with multiple rows of glued-
in hardwood dowels can be predicted using the above
mentioned theories.
Takahashi S., T. Kitamura, T. Mori, A. Sasagawa and
H. Isoda: Relationship and seasonal influence of the
creep behavior on glulam member, joint and frame
under non-controlled condition, j of structural and
construction engineering, No. 551, 87-94 (2002).
In the structural design of the deformation on the timber
floor and beam under vertical loads, the special
considerations are required, compared with reinforced
concrete and steel structures. The requirements come
from joint deformation and creep behavior. In this paper,
creep behavior of glulam beam, joint and frame are
discussed experimentally focusing on temperature and
humidity influence. The long-term creep behavior, which
is estimated from short-term experimental results, is also
discussed. Based on the discussion of experimental
studies, following conclusions were obtained; 1) Under the
non-controlled condition, the start timing influences the
creep behavior. Concretely, the creep that was loaded
from the end of summer or autumn doesn't increase by
spring season. When spring comes, the creep increases
rapidly. That means that long-term is required to
evaluate creep behavior under non-controlled condition.
2) The creep behavior ofjoints is quick to be influenced by
seasonal changes of temperature and humidity compared
with beam without joint. 3) It is reasonable evaluation
that a total deformation including creep is computed twice
initial deformation. But the members, of which major
deformation was accounted for the joint slip, should be
paid attention to seasonal influence.
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